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SUBSTITUTED AZEPIN ONE DUAL 
INHIBITORS OF ANGIOTENSIN 

CONVERTING ENZYME AND NEUTRAL 
EXDOPEPTIDASE 

PRIOR APPLICATION 

This application is a continuation-in-part of Ser. No. 
061,606 ?led May 13, 1993, now abandoned, which is a 
continuation-impart of Ser. No. 884,664 ?led May 18, 1992, 
now abandoned. 

BACKGROUND OF THE INVENTION 

Captopril, (8)41-(3-mercapto-2-methyl-l‘oxopropyD-L 
proline, having the structural formula 

CH3 0 
|| 

HS—CH2-—C——C—N COOH 

1 Ho) 

is an orally active angiotensin converting enzyme inhibitor 
useful for treating hypertension and congestive heart failure. 
See Ondetti et al. US. Pat. No. 4,105,776. 

Enalapril, (S)- l -[N-[ l L(ethorrycarbonyl)-3-phenypropyl] 
L“alanyl]-L-proline, having the structural fonnula 

COOC2l-I5 631-13 0 

L 
H H (H)( ) 

is also an orally active angiotensin converting enzyme 
inhibitor. Enalapril contains the L-alanyl-L-proline dipep 
tide. A related compound, lisinopril, also possesses oral 
angiotensin converting enzyme inhibitor activity and con 
tains the L-lysyl-L-proline dipeptide. See Harris et al. US. 
Pat. No. 4,374,829. 

Haslanger et al. in US. Pat. No. 4,749,688 disclose 
treating hypertension by administering neutral metalloen~ 
dopeptidase inhibitors alone or in combination with atrial 
peptides or angiotensin converting enzyme inhibitors. 

Ncustadt in U.S. Pat. No. 5,075,302 disclose that mer 
captoacyl aminolactams of the formula 

0 

I 
ll 

QS~CH2—|CH—C—NH / NR2 

wherein Y includes propylene and butylene, R1 is lower 
alkyl, aryl or heteroaryl, and R2 is hydrogen, lower alkyl, 
lower alkoxy lower alkyl, aryl-lower alkyl or heteroaryl 
lower alkyl are endopeptidase inhibitors. Neustadt disclose 
employing such compounds alone or in combination with 
angiotensin converting enzyme inhibitors to treat cardiovas 
cular diseases such as hypertension, congestive heart failure, 
edema, and renal insuf?ciency. 

Delaney et al. U.K. Patent 2,207,351 disclose that 
endopeptidase inhibitors produce diuresis and natriuresis 
and are useful alone or in combination with angiotensin 
converting enzyme inhibitors for the reduction of blood 
pressure. Delaney et al. include various mercapto and 

10 

30 

45 

65 

2 
acylmercapto amino acids and dipeptides among their 
endopeptidase inhibiting compounds. 

Flynn et al. in European Patent Application 481,522 
disclose dual inhibitors of enkephalinase and angiotensin 
converting enzyme of the formulas 

COOR4 

wherein n is zero or one and Z is O, S, —NR6— or 

0 
ll 

—N-—C—R7. 

Additional tricyclic dual inhibitors are disclosed by War 
shawsky et al. in European Patent Applications 534,363, 
534,396 and 534,492. 

SUMMARY OF THE INVENTION 

This invention is directed to novel compounds possessing 
both angiotensin converting enzyme inhibitory activity and 
neutral endopeptidase inhibitory activity and methods of 
preparing such compounds. This invention is also directed to 
pharmaceutical compositions containing such dual inhibit 
ing compounds or pharmaceutically acceptable salts thereof 
and the method of using such compositions. The dual 
inhibitory compounds of this invention are those of the 
formula 

(I) 

R1—S—(CH1),,—C—C—X1 
/ \ 

R19 R2 

and pharmaceutically acceptable salts thereof wherein: 
R1 is hydrogen, 

R2 and R19 are independently selected from hydrogen, 
alkyl, cycloalkyl-(CH2),,,——, substituted alkyl, aryl 
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(CH2)m—, substituted aryl-(CH2)m—, and heteroaryl 
(CH2)m— or R2 and R19 taken together with the carbon 
atom to which they are attached complete a cycloalkyl 

ring or a benzofused cycloalkyl ring; 

n is zero or one; 

In is zero or an integer from 1 to 6; 

R3 is alkyl, substituted alkyl, cycloalkyl-(CH2)m—, aryl 
(CH2),,,—, substituted aryl-(CH2)m—, or heteroaryl 

(CH2)m—; 
R18 is alkyl, substituted alkyl, cycloalkyl-(CH2)m-——, aryl 

(CH2)m——, substituted a1yl-(CH2)m—, heteroaryl 
(CH2)m— or —S—R18 completes a symmetrical dis 
ul?de wherein R18 is of the formula 

25 

30 

U) LII 

40 

45 

50 

Ch LII 

R4 and R5 are independently selected from hydrogen, 
alkyl, substituted alkyl, alkenyl, substituted alkenyl, 
cycloalkyl —(CH2)m—, aiyl ——(CH2)m—, substituted 
aryl —(CH2)m—, and heteroaryl —~(CH2)m—, or one 
of R4 and R5 is hydroxy and the other is hydrogen, or 
R4 and RS taken together with the carbon to which they 
are attached complete a saturated cycloalkyl ring of 3 
to 7 carbons, or R4 and R5 taken together with the 
carbon to which they are attached complete a keto 
substituent, i.e., 

R6, R8 and R10 are independently selected from hydrogen, 
alkyl, substituted alkyl, alkenyl, substituted alkenyl, 
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cycloalkyl —(CH2)m—-, aryl-(CH2)m——, substituted 
aryl-(CH2)m——, and heteroaryl-(CH2),,,—; 

R7, R9 and R11 are independently selected from hydrogen, 
alkyl, substituted alkyl, alkenyl, substituted alkenyl, 
cycloalkyl —(CH2)m—, aryl-(CH2)m, substituted aryl 
--(CH2)m~, and heteroaryl-(CH2),,,—, or R6 and R7 
taken together with the carbon to which they are 
attached complete a saturated cycloalkyl ring of 3 to 7 
carbons or R8 and R9 taken together with the carbon to 
which they are attached complete a saturated cycloalkyl 
ring of 3 to 7 carbons; 

b is zero or one; 

q is an integer from 1 to 4; 
r is one or two; 

s is zero, one or two; 

t is one, two, or three; 

v is one or two; 

w is one or two; 

. 2 ; 

Z is O or two hydrogens; 

R12 is hydrogen, alkyl, substituted alkyl, aryl-(CH2)m——, 
substituted aryl-(CH2),,,-—, heteroaryl-(CH2),,,—, 

0 

AL 

R14 

R13 is hydrogen, lower alkyl, or substituted lower alkyl; 
R14 is hydrogen, lower alkyl, cycloalkyl, or phenyl; 
R15 is hydrogen, lower alkyl, lower alkoxy or phenyl; 
R16 is lower alkyl or aryl-(CH2)m——; and 
R17 is hydrogen, alkyl, substituted alkyl, alkenyl, substi 

tuted alkenyl, cycloalkyl-(CH2)m—, aryl-(CH2)m——, 
substituted aryl~(CH2)m—, or heteroaryl~(CH2)m——. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The term “alkyl” refers to straight or branched chain 
radicals having up to seven carbon atoms. The term “lower 
alkyl” refers to straight or branched radicals having up to 
four carbon atoms and is a preferred subgrouping for the 
term alkyl. 
The term “substituted alkyl” refers to such straight or 

branched chain radicals of l to 7 carbons wherein one or 
more, preferably one, two, or three, hydrogens have been 
replaced by a hydroxy, amino, halo, tri?uoromethyl, cyano, 
—NH(lower alkyl), —N (lower alkyl)2, lower alkoxy, lower 
alkylthio or carboxy. 

30 

5 

55 

6 
The term “substituted lower alkyl” refers to such straight 

or branched chain radicals of l to 4 carbons wherein one 
hydrogen has been replaced by a hydroxy, amino, halo, 
tri?uoromethyl, cyano, —NH(lower alkyl), ——N (lower 
alkyl)2, lower alkoxy, lower alkylthio, or carboxy. 
The term “alkenyl” refers to straight or branched chain 

radicals of 3 to 7 carbon atoms having one or two double 
bonds. Preferred “alkenyl” groups are straight chain radicals 
of 3 to 5 carbons having one double bond. 

The term “substituted alkenyl” refers to such straight or 
branched radicals of 3 to 7 carbons having one or two double 
bonds wherein a hydrogen has been replaced by a hydroxy, 
amino, halo, tri?uoromethyl, cyano, —NH(lower alkyl), 
—-N(lower alkyl)2, lower alkoxy, lower alkylthio, or car 
boxy. 
The terms “lower alkoxy” and “lower alkylthio” refer to 

such lower alkyl groups as de?ned above attached to an 
oxygen or sulfur. 

The term “cycloalkyl” refers to saturated rings of 3 to 7 
carbon atoms. 

The term “halo” refers to chloro, bromo, ?uoro, and iodo. 
The term “aryl” refers to phenyl, l-naphthyl, and 2~naph 

thyl. The term “substituted aryl” refers to phenyl, l-naph 
thyl, and Z-naphthyl having a substituent selected from 
lower alkyl, lower alkoxy, lower alkylthio, halo, hydroxy, 
tri?uoromethyl, amino, —NH(lower alkyl), or —N(lower 
alkyl)2, di- and tri-substituted phenyl, l-naphthyl, or 2-naph 
thyl wherein said substituents are selected from methyl, 
methoxy, methylthio, halo, hydroxy, and amino. 
The term “heteroaryl” refers to unsaturated rings of 5 or 

6 atoms containing one or two 0 and S atoms and/or one to 
four N atoms provided that the total number of hetero atoms 
in the ring is 4 or less. The heteroaryl ring is attached by way 
of an available carbon or nitrogen atom. Preferred heteroaryl 
groups include 2-, 3-, or 4-pyridyl, 4-imidazolyl, 4-thiazolyl, 
2- and S-thienyl, and 2- and 3-furyl. The term heteroaryl also 
includes bicyclic rings wherein the ?ve or six membered 
ring containing 0, S, and N atoms as de?ned above is fused 
to a benzene or pyridyl ring. Preferred bicyclic rings are 2 
and 3-indolyl and 4- and S-quinolinyl. The mono or bicyclic 
heteroaryl ring can also be additionally substituted at an 
available carbon atom by a lower alkyl, halo, hydroxy, 
benzyl, or cyclohexylmethyl. Also, if the mono or bicyclic 
ring has an available N-atom such N atom can also be 
substituted by an N-protecting group such as 

—CHr-O-CHZ , —SOZ CH3, 

2,4-dinitrophenyl, lower alkyl, benzyl, or benzhydryl. 
The compounds of this invention wherein R1 is hydrogen 

or 

0 
|| 

113-0 

and R19 is hydrogen can be prepared by coupling the 
acylmercapto containing sidechain of the formula 

0 (XIV) 

R3—C—S—-(CH2),,—CH—dI-——0H 
1'12 

with the intermediate of the formula (XV) 
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to give the product of the formula 

0 O (XVI) 

wherein R12 in the de?nition of X1 is preferably an easily 
removable ester protecting group such as methyl, ethyl, 
t-butyl or benzyl. The above reaction can be performed in an 
organic solvent such as dimethyl-forrnamide and in the 
presence of a coupling reagent such as benZotriazol-l 
yloXytris-(dimethylamino)phosph0nium hexa?uorophos 
phate, 1-ethyl-3-(3~dimethylaminopropyl)carbodiimide, 
dicyclohexylcarbodiimide, or carbonyldiimidazole. Alterna 
tively, the acylmercapto carboxylic acid of formula XIV can 
be converted to an activated form prior to coupling such as 
an acid chloride, mixed anhydride, symmetrical anhydride, 
activated ester, etc. 
The product of formula XVI can be converted to the 

mercaptan product of formulaI wherein R1 is hydrogen and 
R12 is hydrogen by methods known in the art. For example 
when R3 is methyl and R12 is methyl or ethyl treatment with 
methanolic sodium hydroxide yields the product wherein R1 
and R12 are hydrogen and when R3 is methyl and R12 is 
t-butyl treatment with tri?uoroacetic acid followed by 
ammonia yields the product wherein R1 and R12 are hydro 
gen. 
The compounds of this invention wherein both R2 and R19 

are other than hydrogen and n is zero can be prepared by 
coupling the substituted mercapto containing sidechain of 
the formula 

0 (XVII) 

R19 R2 

with the intermediate of formula XV as described above to 
give the compound of the formula 

8 (XVIII) 

Treatment of the compound of formula XVIII with strong 
acid such as tri?uoromethanesulfonic acid removes the 

methoxybenzyl protecting group and gives the correspond 
ing product of formula I wherein R1 is hydrogen. 
The substituted mercapto containing compounds of for 

mula XVII can be prepared by reacting the disubstituted 
carboxylic acid of the formula 

H (XIX) 
I-IC — C — OI-I 

R19 R2 

with bis[[(4-methoxy)phenyl]methyl]disul?de in the pres 
ence of lithium diisopropylamide. 
The compounds of this invention wherein both R2 and R19 

are other than hydrogen and n is one can be prepared by 
coupling the acylmercapto containing sidechain of the for 
mula 

10 

15 

20 

25 

35 

45 

50 

55 

60 

65 

with the intermediate of formula XV as described above to 
give the product of the formula 

The acylmercapto sidechain compound of formula XX 
can be prepared by reacting the substituted carboxylic acid 
of the formula 

with para~toluenesulfonyl chloride in pyridine to give the 
lactone of the formula 

0 (XXIII) 
l 

R2 

R19 

Treatment of the lactone of formula XXHI with a cesium 
thioacid of the formula 

10' (XXIV) 
Cs—-S--C-—R3 

in the presence of dimethylformamide yields the desired 
acylmercapto sidechain of formula XX. 
The products of formula I wherein X1 contains a sulfoxide 

or sulfone can be prepared by employing the intermediate of 
XV as the mercaptan, i.e., s is zero, during the coupling 
reaction. The resulting product of formula XVI, XVIII, or 
XXI is then oxidized with a known oxidizing reagent such 
as metachloroperbenzoic acid, peracetic acid, or monoper 
oxyphthalic acid, magnesium salt hexahydrate, etc. By con 
trolling the amount of oxidizing reagent and the time of the 
reaction, the products are obtained wherein s is one or two. 
The products of formulaI wherein R1 is hydrogen can be 

acylated with an acyl halide of the formula 

R3—C-hal0 

wherein halo is Cl or Br or acylated with an anhydride of the 
formula 

0 
|| 

R3—C o 
2 

to give other products of formula I wherein R1 is 

(XXVI) 

The products of formula I wherein R1 is —-S——R18 and 
R18 is alkyl, substituted alkyl, cycloalkyl-(CH2)m—, aryl 
(CH2)m—, substituted aryl-(CH2)m— or heteroaryl 
(CH2)m— can be prepared by reacting the products of 
formulaI wherein R1 is hydrogen with a sulfonyl compound 
of the formula (XXVII) 
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in an aqueous alcohol solvent to yield the desired products. 
The compounds of formula XXVII are known in the litera 
ture or can be prepared by known methods, see for example, 
Smith et al., Biochemistry, 14, p. 766-771 (1975). 
The symmetrical disul?de products of formula I can be 

prepared by direct oxidation of the product of formula I 
wherein R1 is hydrogen with iodine as note, for example, 
Ondetti et al. U.S. Pat. No. 4,105,776. 
The ester products of formula I wherein R12 is 

(J i 
O O 

can be prepared by treating the product of formulaI wherein 
R12 is hydrogen with a compound of the formula 

0 (XXVIII) 

O i 
ll 0 0 

L-CI-I-O-C-Rls or 
| L_.cH2A:LR16 
R14 

wherein L is a leaving group such as chloro, bromo, or 
tolylsulfonyloxy. 
The aeylmercaptoalkanoic acids of formula XIV are 

described in the literature. See, for example, Ondetti et al. 
U.S. Pat. Nos. 4,105,776 and 4,339,600, Haslanger et al. 
U.S. Pat. No. 4,801,609, etc. 
The intermediates of formula XV are also described in the 

literature or are obtained by modi?cations of known proce 
dures. For example, the intermediates of formula XV 
wherein XI is as de?ned in formula HI are disclosed by 
Thorsett et al., J. Med. Chem., 29, p. 251-260 (1988), Harris 
ct al. in U.S. Pat. Nos. 4,587,050, 4,587,238, 4,629,787 and 
Yanagisawa et al. in U.S. Patent No. 4,734,410. The inter 
mediates of formula XV wherein X1 is as de?ned in formula 
IV are disclosed by Yanagisawa et al., J., Med. Chem., 30, 
p. 1984-1991 (1987) and 31, p. 422-428 (1988), 
Karanewsky in U.S. Pat. No. 4,460,579, Cheung et al. in 
U.S. Pat. No. 4,594,341, and Yanagisawa et al. in U.S. Pat. 
No. 4,699,905. The intermediates of formula XV wherein X1 
is as de?ned in formula V are disclosed by Karanewsky in 
U.S. Pat. Nos. 4,460,579 and 4,711,884. The intermediates 
of formula XV wherein X1 is as de?ned in formula VI and 
Y1 is -—~CH2—, —(CH2)2-— of —(CH2)3— are disclosed by 
Watthey et al., J. Med. Chem., 28, p. 1511-1516 (1985) and 
Watthey in U.S. Pat. Nos. 4,410,520, 4,470,988, 4,473,575, 
4,537,885 and 4,575,503 and also by Parsons e t al., Bio 
chemical & Biophysical Research Comm., 117, p. 108-113 
(1983) and in U.S. Pat. No. 4,873,235. The intermediates of 
formula XV wherein X1 is as de?ned in formula VI and Y1 
is S or O are disclosed by Slade et al., J. Med. Chem., 28, 
p. 1517-1521 (1985) and in U.S. Pat. No. 4,477,464 and Itoh 
et al., Chem. Pharrn. Bull., 34, p. 1128-1147 (1986) and 34, 
p. 2078-2089 (1986) as well as Sugihara et al. in U.S. Pat. 
No. 4,548,932 (Y is O) and Katakarni et al. in U.S. Pat. No. 
4,539,150 (Y is S). The intermediates of formula XV 
wherein X is as de?ned in formula VII can be prepared by 
reduction of the corresponding intermediates wherein X1 is 
as de?ned in formula VI. The intermediates of formula XV 
wherein X1 is as de?ned in formula VIII are disclosed by 
Flynn et al. in U.S. Pat. No. 4,973,585. The intermediates of 
formula XV wherein X is as de?ned in formula IX and Y2 

5 

10 
is S, —SO, or —SO2 are disclosed by Harris et al. and 
Patchett et al. in U.S. Pat. Nos. 4,415,496 and 4,617,301, 
The intermediates for formula XV wherein X1 is as de?ned 
in formula IX and Y2 is CH2 is disclosed by Thorsett, Actual. 
Chim. Then, 13, p. 257-268 (1986). The intermediates of 
formula XV wherein X1 is as de?ned in formula XI are 
disclosed by Attwood et al., Federation of European Bio 
chemical Studies, 165, p. 201-206 (1984) and in U.S. Pat. 
No. 4,512,994 and Natoff et al., Drugs Of The Future, 12, p. 

1° 475-483 (1987). The intermediates of formula XV wherein 

20 
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X1 is as de?ned in formula XII are disclosed by Huang et al. 
in U.S. Pat. No. 4,465,679. The intermediates of formula XV 
wherein X1 is as de?ned in formula XIII are disclosed by 
Bolos et al. in Tetrahedron, 48, p. 9567-9576 (1992). 
The intermediates of formula XV wherein X1 is as de?ned 

in formula HI and q is one or two and R7 is hydrogen can be 
prepared according to the following process which is also 
part of this invention. 
The N-phthalimido ot-arnino acid of the formula 

11;, (XXIX) 

O R4—~(l1—CI-I2OH 
I (Cl-12L; 

N——-CI-I-—COOH 

| 
0 

and the amino acid ester of the formula 

(XXX) 

R10 R11 

wherein R12 is an easily removable ester protecting group 
such as methyl, ethyl, or benzyl are coupled to give the 
peptidyl compound of the formula 

if, (XXXI) 

H 
I 0 R10 
0 

This coupling reaction is preferably carried out in the 
presence of a coupling reagent such as benzotriazol-l 
yloxytris(dimethylamino)phosphonium hexa?uorophos 
phate or ethy1~3-(3-dimethylamino)propyl carbodiimide. 
The compound of formula XXXI is oxidized such as by 

treatment with oxalyl chloride and dimethylsulfoxide or 
tetra~n-propyl ammonium perruthenate and N-methylmor 
pholine N-oxide to give the compound of the formula 

R11 

I 0 R10 
0 

The compound of formula XXXII is cyclized by treatment 
with a non-aqueous acid such as tri?uoroacetic acid, trif~ 
luoromethanesulfonic, hydrochloric acid, etc., to give the 
compound of the formula 
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(XXXIII) 

The intermediate of formula XV wherein X1 is as de?ned 
in formula III and q is one or two and R6 and R7 are both 
hydrogen can be prepared by treating the compound of 
formula XXXHI with a silyl hydride such as triethylsilane, 
diphenylmethylsilane, phenylmethylsilane, etc., and a Lewis 
acid catalyst such as stannic chloride, titanium tetrachloride, 
stannic bromide, boron tri?uoride etherate, etc., followed by 
esteri?cation of the carboxyl group and subsequent treat 
ment with hydrazine hydrate to remove the N-phthaloyl 
protecting group. 
The intermediate of formula XV wherein X1 is as de?ned 

in formula III and q is one or two, R7 is hydrogen, and R6 
is other than hydrogen can be prepared from the compound 
of formula XXXIII. For example, when R6 is alkenyl or 
substituted alkenyl of 3 to 7 carbons, treatment of compound 
XXXIII with an alkenyl or substituted alkenyl silane in the 
presence of a Lewis acid catalyst as exempli?ed above 
followed by esteri?cation of the carboxyl group and subse 
quent removal of the N-phthaloyl protecting group as 
described above gives the desired intermediate. The alkenyl 
moiety may be hydrogenated to give the desired intermedi 
ate wherein R5 is alkyl or substituted alkyl of 3 to 7 carbons. 
When R6 is other than alkenyl or substituted alkenyl, treat 
ment of compound XXXHI with the corresponding R6 
containing organometallic compound in the presence of a 
Lewis acid catalyst followed by esteri?cation of the car 
boxyl group and subsequent removal of the N-phthaloyl 
protecting group gives the desired intermediate. 
The intermediates of formula XV wherein X1 is as de?ned 

in formula III, q is one, two, or three, R7 is hydrogen, and 
R6 is other than hydrogen can also be prepared according to 
the following process which is also part of this invention. 
The N-phthalimido ot-amino acid of formula XXIX can be 

converted to an ester such as a benzyl or benzhydryl ester 

and then oxidized by treating with oxalyl chloride, dimeth 
ylsulfoxide, and triethylamine to give the aldehyde of the 
formula 

(XXXIV) 

I (Cl-12L; 

0 

wherein R30 is benzyl or benzhydryl. 
Treatment of the aldehyde of formula XXXIV with an 

alkenyl or substituted alkenyl silane in the presence of a 
Lewis acid catalyst or an organometalic reagent such as 
trialkylaluminum, alkyl magnesium halide, alkyl lithium, 
alkyl zinc, or the corresponding reagents for the other 
de?nitions of R6 to give the alcohol of the formula 
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1'15 Ilia (XXXV) 

N—CH—COOR30. 

O 

The alcohol of formula XXXV can then be converted to 
the corresponding azide such as by treatment with carbon 
tetrabrornide and triphenylphosphine followed by lithium or 
sodium azide or treatment with p-toluenesulfonyl chloride 
and pyridine followed by lithium or sodium azide. Hydro 
genation reduces the azide function to a primary amine and 
removes the benzyl or benzhydryl ester group. Treatment 
with ethyl-3-(dimethylamino)propyl carbodiirnide and 
hydroxybenzotriazole gives a mixture of 

R4 R5 (XXXVI) 
o /\C/ H 

(CH2), ' R6 

Ar NH 
O 

l 
O 

and 

R4 R5 (XXXVII) 
O / \\ 

| (CH2), \bRé 

M NH 
O 

l 
O 

The compound of either formula XXXVI or XXXVII can 
be treated to remove the N-phthaloyl protecting group and 
introduce the t-butoxycarbonyl protecting group in its place. 
Reaction with a compound of the formula 

L-C- (CHz)b—COOR12 (XXXVIII) 

RIO R11 

wherein L is a leaving group such as chloro, bromo, or 
tolylsulfonyloxy in the presence of base followed by 
removal of the t-butoxycarbonyl protecting group gives the 
desired intermediates of formula XV wherein X1 is as 
de?ned in formula III, q is one, two, or three, R7 is hydrogen 
and R6 is alkyl or substituted alkyl. 

In a modi?cation of this process, the aldehyde of formula 
XXXIV wherein R30 is an alkyl such as methyl can be 
treated with an alkenyl or substituted alkenyl silane in the 
presence of a Lewis acid or an organometallic reagent such 
as trialkylaluminum, alkyl magnesium halide, alkyl lithium, 
alkyl zinc, or the corresponding reagents for the other ' 
de?nitions of R6 to give the alcohol of formula XXXV 
wherein R6 is alkyl, substituted alkyl, alkenyl, substituted 
alkenyl, aryl-(CH2),,,—, substituted aryl-(CH2),,,—-, het 
eroaryl-(CH2),,,—, or cycloalky1-(CH2),,,—and R30 is alkyl. 

This alcohol can then be converted to the azide as 
described above and the N-phthaloyl protecting group 
removed and replaced by a t-butoxycarbonyl protecting 
group. Reduction of the azide to a primary amine followed 
by ring closure gives a mixture of the compounds of the 
formulas 
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H 

II Y R6 

(XXXIX ) 

and 

(CI-{NH O 2 q ‘ 

II V R6 

(XL) 

H 
O 

The compound of either formula XXXIX or XL can then 
be treated with a compound of formula XXXVIII in the 
presence of base followed by removal of the t-butoxycar 
bonyl protecting group to give the desired intermediates. 
A further modi?cation of these processes can be 

employed to give the intermediates of formula XV wherein 
X1 is as de?ned in formula III, q is one, two, or three, and 
R6 and R-, are both other than hydrogen. 

According to this modi?cation, the alcohol of formula 
XXXV can be oxidized such as by treatment with oxalyl 
chloride, dimethylsulfoxide, and triethylamine to give the 
ketone of the formula 

1'15 1'25 (XLI) 

1 (CH 2)q 
Y 

N-CH-COORgg. 

O 

The ketone of formula XLI can then be reacted with an 
alkenyl or substituted alkenyl silane in the presence of a 
Lewis acid or with an organometallic reagent such as 
trialkylaluminum, alkyl magnesium halide, alkyl lithium, 
alkyl zinc, or the corresponding reagents for the other 
de?nitions of R7 to give the alcohol of the formula 

Rs Rs (XLII) 

N-CH “(1001139. 

0 

The alcohol of formula XLII can then be converted to the 
azide, hydrogenated to reduce the azide to an amine, and 
treated to effect ring closure yielding the compound of the 
formula 

(XLII!) 

O 

The compound of formula XLIH can be treated to remove 
the N-phthaloyl protecting group and introduce a t-butoxy 
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carbonyl or triphenylmethyl protecting group in its place 
followed by reacting with the compound of formula XXX 
VIII in the presence of base and removal of the t-butoxy 
carbonyl or triphenylmethyl protecting group. 
The intermediates of formula XV wherein X1 is as de?ned 

in formula IX or X, Y2 is —CH2— and v is two can be 
prepared according to the following process which is also 
part of this invention. 
The N-phthalirnido ot-arnino acid of the formula 

0 /CH=CI-I2 (XLIV) 
I CH2 

l 
O 

is coupled with the ot-amino acid ester of the formula 

in the presence of a coupling catalyst as described above to 
give the alcohol of the formula 

CH2 — OH 

O CH : CH2 
(XLVI) 

I CH2 

N—CH—|(]I——Il\I—CI-I-—COOR12. 
I 0 H 

O 

The alcohol of formula XLVI is oxidized such as by 
treatment with oxalyl chloride, dimethylsulfoxide, and tri 
ethylamine to give the corresponding aldehyde which is then 
treated with an acid such as tri?uoroacetic acid or hydro 
chloric acid to give the carboxylic acid ester of the formula 

0 cu=cn2 (XLVII) 

I CH2 /:\ 

N—CH—?-N (cum. 
0 

| coon” 
o 

Cyclization of the compound of formula XLVII with a 
strong acid such as tri?uoromethanesulfonic acid followed 
by reesteri?cation by conventional means and treatment 
with sodium iodide gives a mixture of the compounds of the 
formulas 

I (XLVIII) 

o 

| 

N—CH\ / N (cam 
c I H Y 

O 0 
COOR12 

and 



5,552,397 
15 

-continued 

rm 
| g COOR12 

(XLIX) 

Removal of the N-phthaloyl protecting group from the 
intermediate of formula (XLIX) as described above gives 
the desired compound of formula XV wherein X1 is as 
de?ned in formula X and Y2 is -—CH2—. 

Treatment of the intermediate of formula XLVIII with 
tris(trimethylsilyl) silane or tri-n-butyltin hydride in the 
presence of a catalytic amount of azobisisobutyronitrile 
removes the iodo group. The N-phthaloyl group is subse 
quently removed as described above to give the desired 
compound of formula XV wherein X1 is as de?ned in 
formula IX, v is two, and Y2 is —CH2—. Similar procedure 
can be employed to give the corresponding compound of 
formula XV wherein X1 is as de?ned in formula IX, v is one, 
and Y2 is ——CH;——. 

In a variation of this process, the N-phthalimido ot-amino 
acid of formula XLIV is reacted with the amino acid ester of 
the formula 

cit-(0cm)2 (L) 

(CHM 

in the presence of a coupling catalyst as described above to 
give the dimethoxy compound of the formula 

Cl-I— (OCHg); (LI) 

[ CH2 (wow 
I 

The compound of formula LI can then be treated with an 
acid such as tri?uoroacetic acid or hydrochloric acid to give 
the carboxylic acid ester of formula XLVII. 

Other procedures for preparing the intermediates of for 
mula XV appear in the examples. 
The compounds of formula I contain one or more asym 

metric centers. Thus, these compounds can exist in diaste 
reoisomeric forms or in mixtures thereof and all of such 
forms are within the scope of this invention. The above 
described processes can utilize racemates, enantiomers, or 
diastereomers as starting materials. When diastereomeric 
compounds are prepared, they can be separated by conven 
tional chromatographic or fractional crystallization meth 
ods. 
The compounds of formula I wherein R12 is hydrogen can 

be isolated in the form of a pharmaceutically acceptable salt. 
Suitable salts for this purpose are alkali metal salts such as 
sodium and potassium, alkaline earth metal salts such as 
calcium and magnesium, and salts derived from amino acids 
such as arginine, lysine, etc. These salts are obtained by 
reacting the acid form of the compound with an equivalent 
of base supplying the desired ion in a medium in which the 
salt precipitates or in aqueous medium and then lyophiliz 
mg. 
The compounds of formulal are dual inhibitors possess~ 

ing the ability to inhibit both the angiotensin converting 
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enzyme and neutral endopeptidase. Thus, the compounds of 
formulal including their pharmaceutically acceptable salts 
are useful in the treatment of physiological conditions in 
which either angiotensin converting enzyme inhibitors or 
neutral endopeptidase inhibitors have been shown to be 
useful. Such conditions include cardiovascular diseases, 
particularly, hypertension, congestive heart failure, renal 
failure, and hepatic cirrhosis, as well as analgesic activity. 
Diuresis, natriuresis, and blood pressure reduction are pro 
duced in a mammalian host such as man by the administra 
tion of from about 1 mg. to about 100 mg. per kg. of body 
weight per day, preferably from about 1 mg. to about 50 mg. 
per kg. of body weight per day, of one or more of the dual 
inhibitors of formula I or a pharmaceutically acceptable salt 
thereof. The dual inhibitors of formula I are preferably 
administered orally, but parenteral routes such as subcuta 
neous, intramuscular, and intravenous can also be employed. 
The daily dose can be administered singly or can be divided 
into two to four doses administered throughout the day. 
The dual inhibitors of formula I can be administered in 

combination with human ANF 99—l26. Such combination 
would contain the inhibitor of formula I at from about 1 to 
about 100 mg. per kg. of body weight and the human ANF 
99—126 at from about 0,001 to about 0.1 mg. per kg. of body 
weight. 
The dual inhibitors of formula I can be administered in 

combination with other classes of pharmaceutically active 
compounds. For example, a calcium channel blocker, a 
potassium channel activator, a cholesterol reducing agent, 
etc. 

The dual inhibitors of formula I or a pharmaceutically 
acceptable salt thereof and other pharmaceutically accept 
able ingredients can be formulated for the above described 
pharmaceutical uses. Suitable compositions for oral admin 
istration include tablets, capsules, and elixirs, and suitable 
compositions for parenteral administration include sterile 
solutions and suspensions. About 10 to 500 mg. of active 
ingredient is compounded with physiologically acceptable 
vehicle, carrier, excipient, binder, preservative, stabilizer, 
?avoring, etc., in a unit dose form as called for by accepted 
pharmaceutical practice. 

Preferred compounds of this invention with respect to the 
mercapto containing sidechain portion of formula I, i.e. 

R19 R2 

include those wherein: 

R1 is hydrogen, 

0 
ll 

R3—C—, 

R3 is lower alkyl of l to 4 carbons or phenyl, 
R18 is lower alkyl of l to 4 carbons, 
n is zero or one, 

R2 is aryl-CH2—, substituted aryl-CH2—, heteroaryl 
CH2—, or straight or branched chain alkyl of l to 7 
carbons, and 

R19 is hydrogen. 
Most preferred are the above mercapto containing 

sidechains wherein: 
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R1 is hydrogen or 

especially hydrogen; 
n is zero; and 

R2 is benzyl, (2'thienyl)methyl, or straight or branched 
chain alkyl of 1 to 5 carbons, especially benzyl. 

Preferred compounds of this invention with respect to X1 
include those of formula III wherein: 

q is one or two; 

R4 is hydrogen, methyl, or phenyl; 
R5 is hydrogen; 
R6 and R7 are both hydrogen or are both methyl, or R6 is 

lower alkyl of l to 4 carbons, mono substituted lower 
alkyl of 1 to 4 carbons, or alkenyl of 3 to 5 carbons 
having one double bond and R7 is hydrogen or R6 and 
R7 taken together with the carbon to which they are 
attached complete a cycloalkyl of 3 to 5 carbons; 

R10 and R11 are both hydrogen or one is hydrogen and the 
other is lower alkyl of l to 4 carbons; 

b is zero or one; and 

R12 is hydrogen or lower alkyl of 1 to 4 carbons. 
Most preferred are the above compounds of formula III 

wherein: 
q is two; 
R4 and R5 are both hydrogen; 
R6 and R7 are both methyl or R6 is methyl, propyl, allyl, 

or 2~hydroxyethyl and R7 is hydrogen; 
b is zero; 
R10 and R11 are both hydrogen or one is hydrogen and the 

other is methyl; and 
R12 is hydrogen. 
Preferred compounds of this invention with respect to X1 

include those of formula IV wherein: 

r is one; 

s is zero; 

R,1 is hydrogen, phenyl, or lower alkyl of 1 to 4 carbons; 
R9 is hydrogen; 
R5 and R7 are both hydrogen or are both methyl and R6 

is lower alkyl of l to 4 carbons or phenyl and R7 is 
hydrogen; I 

R10 and R11 are both hydrogen or one is hydrogen and the 
other is lower alkyl of 1 to 4 carbons; 

b is zero; and 

R12 is hydrogen or lower alkyl of 1 to 4 carbons. 
Most preferred are the above compounds of formula IV 

wherein: 

R8 is hydrogen or phenyl; 
R6 and R7 are both hydrogen or R6 is phenyl and R7 is 

hydrogen; 
R10, R11 and R12 are all hydrogen. 
Preferred compounds of this invention with respect to X1 

include those of formula V wherein: 

s is zero; 

t is one or two; 

R6 and R7 are both hydrogen or are both methyl or R6 is 
lower alkyl of l to 4 carbons or phenyl and R7 is 
hydrogen; 

R10 and R11 are both hydrogen or one is hydrogen and the 
other is lower alkyl of 1 to 4 carbons; 

18 
b is zero; and 
R12 is hydrogen or lower alkyl of 1 to 4 carbons. 
Most preferred are the above compounds of formula V 

wherein: 
5 t is two; 

R6 is phenyl and R7 is hydrogen; and 
R10, R11, and R12 are all hydrogen. 
Preferred compounds of this invention with respect to X1 

include those of formula VI wherein: 

1° Y, is o, s, or c112; 
R6 and R7 are both hydrogen or R6 is lower alkyl of 1 to 

4 carbons and R7 is hydrogen; 
R10 and R11 are both hydrogen or one is hydrogen and the 

15 other is lower alkyl of 1 to 4 carbons; 
b is zero; and 
R12 is hydrogen or lower alkyl of 1 to 4 carbons. 
Most preferred are those above compounds of formula VI 

wherein: 

20 Y1 is CH2; 
R6 and R7 are both hydrogen; and 
R10, R11, and R12 are all hydrogen. 
Preferred compounds of this invention with respect to X1 

include those of formula VII wherein: 

25 Y4 is ——CH2-——; 
R6 and R7 are both hydrogen; 
R10 and R11 are both hydrogen or one is hydrogen and the 

other is lower alkyl of l to 4 carbons, especially where 
30 both are hydrogen; 

b is zero, and 

R12 is hydrogen or lower alkyl of 1 to 4 carbons, espe 
cially hydrogen. 

Preferred compounds of this invention with respect to X1 
35 include those of formula VIII wherein: 

R6 and R7 are both hydrogen or one is hydrogen and the 
other is lower alkyl of l to 4 carbons; 

R10 and R11 are both hydrogen or one is hydrogen and the 
40 other is lower alkyl of l to 4 carbons, especially where 

both are hydrogen; 

b is zero, and 

R12 is hydrogen or lower alkyl of 1 to 4 carbons, espe 
cially hydrogen. 

45 Preferred compounds of this invention with respect to X1 
include those of formula IX wherein 

v is one or two; especially two, 

w is one or two; 

50 Y2 is S or CH2; and 
R12 is hydrogen or lower alkyl of l to 4 carbons, espe~ 

cially hydrogen. 
Preferred compounds of this invention with respect to X1 

include those of formula X wherein: 

55 Y2 is CH2; 
w is one or two, especially two; and 

R12 is hydrogen or lower alkyl of 1 to 4 carbons, espe 
cially hydrogen. 

60 _ Preferred compounds of this invention with respect to X1 
include those of formula XI wherein: 

v is one or two, especially two; 

Z is O or two hydrogens, especially two hydrogens; and 

R12 is hydrogen or lower alkyl of 1 to 4 carbons, espe 
65 cially hydrogen. 

Preferred compounds of this invention with respect to X1 
include those of formula XH wherein: 
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Z is O or two hydrogens, especially 0; 
R17 is lower alkyl of 1 to 4 carbons, especially methyl; 
R10 and R11 are both hydrogen or one is hydrogen and the 

other is lower alkyl of 1 to 4 carbons, especially where 
both are hydrogen; 

b is zero; and 

R12 is hydrogen or lower alkyl of 1 to 4 carbons, espe 
cially hydrogen. 

Preferred compounds of this invention with respect to X1 
include those of formula XIII wherein: 

Y3 is CH2 or S, especially CH2; 
R13 is hydrogen; 
R10 and R11 are both hydrogen or one is hydrogen and the 

other is lower alkyl of 1 to 4 carbons, especially where 
both are hydrogen; 

b is zero; and 

R12 is hydrogen or lower alkyl of 1 to 4 carbons, espe 
cially hydrogen. 

The following examples are illustrative of the invention. 
Temperatures are given in degrees centigrade. Thin layer 
chromatography (TLC) was performed in silica gel unless 
otherwise stated. 

EXAMPLE 1 

[3R(S*)]-3,4~Dihydro-3-[[2-(mercaptomethyl)-1-oxo-3 
phenylpropyl]amino]-4-oxo-1,5-benzothiazepine-5(2H) 
acetic acid 

a) (S)-2-[(Acetylthio)methyl]benzenepropanoic 
ephedrine salt 
A solution of (1R,2S)-(—)-ephedrine (17.3 g., 105 mmol.) 

in diethyl ether (175 ml.) was added in one portion to a 
solution of 2-[(acetylthio)methyl]benzenepropanoic acid 
(50.0 g., 210 mmol.) in diethyl ether (175 ml.). After 
standing at room temperature for 16 hours, the crystallized 
ephedrine salt was collected by ?ltration (19.7 g. ); m.p. 
114°—l25°; [(X]D=—40.6° (c=1, methanol). An additional 
amount of solid [8.9 g., m.p. 121°—126°; [ot]D=—47.2°, (c=1, 
methanol)] separated from the ?ltrate after remaining at 
room temperature for 20 hours. The solids were combined 
and recrystallized from acetonitrile (1500 ml. ). After 16 
hours at room temperature, 20.8 g. of solid was collected; 
m.p. 125°—130° C.; [ot]D=-47.5° (c=1, methanol). This 
material was recrystallized in the same manner from aceto 
nitrile (300 ml.) to give 18.74 g., m.p. 128°—130° C.; 
[ot]D=—48.9° (c=l, methanol). A third recrystallization from 
acetonitrile (225 ml.) afforded 17.4 g. of solid (S)-2 
[(acetylthio)methyl]benzenepropionic acid, ephedrine salt; 
m.p. 128°-129°; [ot]D=150.1° (c=1, methanol). 

Anal. calc’d. for C12H14O3S. CIOHISNO: C,65.48; 
H,7.24; N,3.47; S,7.95 Found: C,65.46; H,7.34; N,3.21; 
8,800. 

b) [3R(S*)]-3,4-Dihydro-3-[[2-[(acetylthio)methyl]-1~ 
oxo-3-phenylpropyl]arnino]-4-oxo-1,5-benzothiazepine 
5(2H)-acetic acid, ethyl ester 

(S)-2-[(Acetylthio)methyl]benzenepropanoic acid, ephe 
drine salt (3.34 mmoles, 1.01 eq.) was suspended in ethyl 
acetate (65 ml.), washed with dilute HCl (65 ml. water+4.7 
ml. 1.0N hydrochloric acid then 31 ml. water+l.6 ml. 1.0N 
hydrochloric acid), brine (10 ml.), dried (anhydrous mag 
nesium sulfate), ?ltered and evaporated to dryness. The 
colorless syrup was dried in vacuo for 1.0 hour to afford a 
quantitative amount of the free acid (836 mg.). 
The free acid was dissolved in dry dimethylforrnamide 

(19 ml.), cooled down to 0° (ice-salt bath), treated with 
1~hydroxybenzt1iazole hydrate (470 mg., 3.48 mmoles) and 

acid, 

10 

15 

20 

25 

30 

40 

45 

50 

55 

60 

65 

20 
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (690 mg., 
3.60 mmoles) and stirred at 0° under argon for 1.0 hour. The 
clear solution was treated with (R)-3,4~dihydro-3-amino-4 
oxo-1,5-benzothiazepine-5(2H)-acetic acid, ethyl ester [pre 
pared according to the procedure of Slade et al., J. Med. 
Chem. 28, p 1517°—1521° (1985)] (1.2 g., 3.32 mmoles) and 
4-methylmorpholine (0.37 ml., 3.32 mmoles) and stirring 
was continued at 0° for 1.0 hour and at room temperature for 
1.0 hour. The reaction mixture was diluted with ethyl acetate 
(80 ml.), washed successively with water (12 ml.), 5% 
potassium bisulfate (12 ml.), water (12 ml.), saturated 
sodium bicarbonate (12 ml.) and brine (12 ml.), dried 
(anhydrous magnesium sulfate), ?ltered, evaporated to dry 
ness and dried in vacuo The crude product was chromato 
graphed on a silica gel column (Merck), eluting the column 
with ethyl acetate:hexanes (1:4) to give 1.5 g. of the product 
as a syrup; Rf=0.68 (ethyl acetate:hexanes, 1:1). 

0) [3R(S*)]-3,4-Dihydro-3-[[2-(mercaptomethyl)-1-oxo 
3-phenylpropyl]amino]]-4-oxo-1,5~benzothiazepine-5(2H) 
-acetic acid 
A solution of the ethyl ester product from part (a) (1.5 g., 

2.996 moles) in dry methanol (15 ml.) was purged with 
argon for 15 minutes, cooled down to 0° (ice-salt bath) then 
treated dropwise with a previously purged (argon, 30 min 
utes) solution of 1.0N sodium hydroxide (12 ml., 4 eq.) 
maintaining the bubbling of argon throughout the addition 
and the length of the reaction. The reaction mixture was 
stirred at 0° for 1.0 hour, acidi?ed at 0° with 5% potassium 
bisulfate (50 ml.) to pH 1.0 then extracted with ethyl acetate 
(2x100 ml.). The organic extract was washed with brine (25 
ml.), dried (anhydrous sodium sulfate), ?ltered, evaporated 
to dryness and dried in vacuo. The crude product was 
dissolved in a mixture of methylene chloride (10 ml.) and 
ethyl ether (5.0 m1.) then treated portionwise with hexane 
(30 ml.), scratching the mixture to form a solid. The pre 
cipitates were ?ltered off, washed with hexane (50 rrrl.) and 
evaporated from pentane (4X50 ml.). The solid was then 
stirred with pentane (50 ml.) for 48 hours at room tempera 
ture under argon, ?ltered and dried in vacuo for 6 hours to 
give 1.01 g. of the product as an amorphous solid; Rf=0.62 
(methylene chloride:methanol:acetic acid, 20:1:1); [ot]D=— 
171.4° (0:074, methanol). 
1H NMR (CDCl3): 2.47-2.90 (m, 6H), 3.84 (dd, 1H), 

4.13 (d, 1H, J:17 Hz), 4.71 (m, 1H), 4.85 (d, 1H, J=17 Hz), 
6.88-7.67 (m, 9H). 

Anal. calc’d. for C21H22N2O4S2: C,58.59; H,5.15; 
N,6.51; S,14.89; SH,7.68 Found: C,58.55; H,5.35; N,6.20; 
S,14.56; SH,7.54. 

EXAMPLE 2 

[R-(R*,S*)]-3,4-Dihydro-3-[(2-mercapto-l-oxo-3-phenyl~ 
propyl) amino]-4-oxo- 1 ,5 -benzothiazepine-5(2H)-acetic 
acid 

a) (S)-2-(Acetylthio)benzenepropanoic acid, dicyclo 
hexylamine salt 
Sodium nitrite (10.3 g., 280 mmol.) was added to a 

solution of D-phenylalanine (30.0 g., 181 mmol.) and potas~ 
sium bromide (73.5 g.) in sulfuric acid (2.5N, 365 ml.) over 
a period of one hour while maintaining the temperature of 
the reaction mixture at 0° C. The mixture was stirred for an 
additional hour at 0° C. and then for one hour at room 
temperature. The reaction solution was extracted with ether, 
the ether was back extracted with water, and the ether layer 
was dried over sodium sulfate. Ether was removed in vacuo, 
and distillation of the oily residue afforded 25.7 g. of 
(R)-2-bromo-3-benzenepropanoic acid; b.p. 141° (0.55 mm 
of Hg); [ot]D=+14.5° (c=2.4, chloroform). 
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A mixture of thioacetic acid (7 ml., 97.9 mmol.) and 
potassium hydroxide (5.48 g., 97.9 mmol.) in acetonitrile 
(180.5 ml.) was stirred under argon at room temperature for 
1% hours. The mixture was cooled in an ice-bath, and a 
solution of (R)-2-bromo-3~benzenepropanoic acid (20.4 g., 
89 mmol.) in acetonitrile (20 ml.) was added over a ten 
minute period. The reaction was stirred under argon at room 
temperature for 5 hours, ?ltered, and the acetonitrile was 
removed in vacuo. The oily residue was redissolved in ethyl 
acetate and washed with 10% potassium bisulfate and water. 
Removal of the ethyl acetate in vacuo a?’orded 19.6 g. of 
crude product. The crude product was puri?ed via its dicy 
clohexylamine salt using isopropyl ether as solvent for 
crystallization. An analytical sample of (S)-2-(acetylth~ 
io)benzenepropanoic acid, dicyclohexylamine salt was pre 
pared by recrystallization from ethyl acetate; m.p. 
146°—147°; [ot]D=—39.6° (c=l.39, chloroform). 

Anal. calc’d. for CUHUOBS. CuHzaN: C,68.l1; H,8.70; 
N,3.45; 8,7.91 Found: C,67.93; H,8.71; N,3.37; 5,794. 

b) [R-(R*.S*)]-3,4~Dihydro-3-[[2-(acetylthio)-1-oxo-3 
phenylpropyl]amino]-4-oxo-1 ,5 -benzothiazepine-5(2H) 
-acetic acid, ethyl ester 
A suspension of (S)-2-(acetylthio)benzenepropanoic acid, 

dicyclohexylamine salt (1,76 g., 4.34 moles, 1.01 eq.) was 
suspended in ethyl acetate (123 ml.), washed with 5% 
potassium bisulfate (5X19 ml.) and brine (25 ml.), dried 
(anhydrous magnesium sulfate), ?ltered, evaporated to dry 
ness and dried in vacuo. 
The free acid was dissolved in dry methylene chloride (25 

ml.), cooled down to 0° (ice-salt bath), treated with l-hy 
droxybenztriazole hydrate (611 mg., 4.52 moles) and 
1-ethyl-3~(3-(dimethylaminopropyl)carbodiimide (897 mg., 
4.68 mmoles) and stirred at 0° for 1.0 hour. The solution was 
treated with (R)-3,4-dihydro-3-amino»4-oxo-1,S-benzothi 
azepine-5(2H)-acetic acid, ethyl ester [prepared according to 
the procedure of Slade et al., J. Med. Chem., Vol. 28, p 
l5l7—1521(l985)] (1.55 g., 4.29 moles) and 4-methylmor 
pholine (0.48 ml., 4.37 mmoles) and stirring was continued 
at 0° for 1.0 hour and at room temperature for 1.0 hour. The 
reaction mixture was diluted with ethyl acetate (104 ml.), 
washed successively with water (16 ml.), 5% potassium 
bisulfate (2X16 m1.), saturated sodium bicarbonate (16 ml.) 
and brine (16 ml), dried (anhydrous magnesium sulfate), 
?ltered, evaporated to dryness and dried in vacuo. The crude 
product was chromatographed on a silica gel column 
(Merck), eluting the column with ethyl acetate:hexane (1:4) 
to give 1.347 g. of product as a synrp; R/=0.80 (ethyl 
acetatezhexane, 1:1). 

c) [R-(R*,S*)]-3,4-Dihydro-3-[(2-mercapto~1~oxo-3 
phenylpropyDamino]-4-oxo-1 ,5-benzothiazepine-5(2H) 
acetic acid 
A solution of the ethyl ester product of part (b) (1.347 g., 

2.768 moles) in methanol (14 ml.) was purged with argon for 
30 minutes, cooled down to 0° (ice-salt bath) then treated 
dropwise with a previously purged (argon, 30 minutes) 
solution of 1.0N sodium hydroxide (11 ml, 4 eq.) maintain 
ing the bubbling of argon throughout the addition and the 
length of the reaction. The reaction mixture was stirred at 0° 
for 1.0 hour, acidi?ed at 0° with 5% potassium bisulfate (46 
ml.) to pH 2.0 then extracted with ethyl acetate (2x100 ml.). 
The organic extracts were washed with brine (25 ml.), dried 
(anhydrous sodium sulfate), ?ltered, evaporated to dryness 
and dried in vacuo. The crude product was dissolved in 
methylene chloride (10 ml.) and treated portionwise with 
hexane (50 ml.), scratching the mixture to form a solid. The 
supernatant was decanted and the solids triturated with 
additional hexane (50 m1.) and pentane (2x100 ml.), stirring 
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with the ?rst 100 ml. of pentane for 4 hours and the next 100 
ml. overnight under argon. The product obtained was then 
dried in vacuo for 12 hours to give 1.048 g. of product as an 
amorphous solid; Rf=0.57 (methylene ch1oride:methano1: 
acetic acid, 20:1:1); [ot]D=—169.9° (c=0.61, methanol). 
1H NMR (CDCl3): 1.99 (d, 1H), 2.76 (t, 1H, J=11 Hz), 

3.10 (m, 2H), 3.54 (m, 1H), 3.76 (m, 1H), 4.10 (d, 1H, J=17 
Hz) 4.65 (m, 1H), 4.86 (d, 1H, J=17 Hz), 7.12-7.68 (m, 9H). 

Anal. calc’d for C2OH22N2O4S. 0.17 C5H12.0.52 H2O: 
C,57.15; H,5.30; N,6.40; 8.14.64; SH,7.55 Found: C,57.15; 
H,4.99; N,6.14; S,14.72; SH,8.02. 

EXAMPLE 3 

(S ,S)-l ,3,4,5~Tetrahydro,4-[[2-(mercaptomethy1)- 1 -oxo-3 
phenylpropyl]amino]-3-oxo-2H-2-benzazepine-2~acetic 
acid 

a) N-(N-Phthaloyl-L-phenyla1ar1yl)glycine, ethyl ester 
Hydroxybenztriazole hydrate (1.42 g., 10.5 mmol.) and 

1-ethyl-3-(3-dimethylaminopropyl)carbodiirnide hydro 
chloride (2.10 g., 11.0 mmol) were added to a solution of 
N-phthaloyl-L~phenylalaninamide (2.95 g., 10.0 mmol.) in 
dry methylene chloride (30 m1.) at 00 under argon. After 
stirring at 0° C. for 30 minutes, the resulting mixture was 
treated with glycine, ethyl ester, hydrochloride (1.675 g., 
12.0 mmol.) and N-methylmorpholine (1.32 ml., 12.0 
mmol). After stirring at 0° C. for 1 hour and at room 
temperature for 3 hours, the mixture was partitioned 
between ethyl acetate-5% potassium bisulfate. The organic 
phase was washed successively with 5% potassium bisul 
fate, saturated sodium bicarbonate and saturated sodium 
chloride solutions; dried (sodium sulfate) and evaporated to 
dryness. Trituration of the crude product with ethyl ether 
gave 3.542 g. of product as a white, crystalline solid; mp 
158°-159° C.; R/=0.33 (acetonezhexane, 2:3); [0t]D=—99.7° 
(c=0.61, chloroform). 

b) (S)-1,3,4,5-Tetrahydro-4-phthalimido-3-oxo-2H—2 
benzazepine-Z-acetic acid, ethyl ester 
A mixture of phosphorus pentoxide (9.6 g, 68 mmol) and 

85% phosphoric acid (6.0 n11) was heated with stirring until 
all of the phosphorus pentoxide had dissolved. The resulting 
viscous liquid was taken up in glacial acetic acid (36 ml), 
treated successively with N-(N-phthaloyl-L-phenylalanyl) 
glycine, ethyl ester (2.241 g., 5.90 mmol.) and trioxane (0.75 
g., 8.3 mmol.), and heated at 80° C. (bath temperature) under 
an argon atmosphere. After stirring at 80° C. for 6.5 hours 
the mixture was treated with an additional portion of triox 
ane (0.75 g, 8.3 mmol). After stirring at 80° C. for an 
additional 16 hours, the reaction was quenched with an 
ice-water mixture and extracted with ethyl acetate. The ethyl 
acetate extract was washed with water (3X), saturated 
sodium bicarbonate (untilwashes were basic) and saturated 
sodium chloride solutions, dried (sodium sulfate) and evapo 
rated to dryness. The crude product was puri?ed by ?ash 
chromatography on silica gel (Whatmann LPS-l) eluting 
with ethyl acetate-hexane (35:65) to give 1.718 g. of product 
as a colorless foam; R/=0.38 (ethyl acetate2to1uene, 3:7). 0) 
(S)- 1 ,3,4,5 -Tetrahydro—4- [[(phenylmethoxy)carbony1] 
amino]-3-oxo~2H-2-benzazepine~2-acetic acid, ethyl ester 
A solution of (S)-1,3,4,5-tetrahydro-4-phthalimido 

3-oxo~2H-2-benzazepine-2-acetic acid, ethyl ester (1.67 g., 
4.26 mmol.) in 1.0M hydrazine hydrate in ethanol (9.0 ml., 
9.0 mmol.) was stirred at room temperature under argon for 
36 hours. The mixture was diluted with an equal volume of 
ethyl acetate, ?ltered and ?ltrate evaporated to dryness. The 
residue was taken up in toluene and again evaporated to 
dryness. The colorless, semi-solid residue (1.81 g.) was 



5,552,397 
23 

taken up in dry methylene chloride (20 ml.), placed in an ice 
bath and treated successively with triethylamine (0.80 ml., 
5.8 mmol.) and benzylchloroforrnate (0.77 ml., 5.4 mmol.). 
After stirring at 0° C. for 2 hours, the mixture was parti 
tioned between ethyl acetate-5% potassium bisulfate. The 
organic phase was washed successively with 5% potassium 
bisulfate, saturated sodium bicarbonate and saturated 
sodium chloride solutions, dried (sodium sulfate), and 
evaporated to dryness. Puri?cation of the crude product by 
?ash chromatography on silica gel (Whatmann LPS-l) elut 
ing with ethyl acetate:hexane (l :2) gave 1.0747 g. of product 
as a colorless foam; R,=0.52 (ethyl acetate:toluene, 3:7). A 
sample crystallized from hexane had m.p. 80°~82° C.; 
[0t]D=+87.2° (c=0.53, chloroform). 

d) (S) -1,3,4,5-Tetrahydro-4-amino-3-oxo-2H-2-benza 
Zepine~2-acetic acid, ethyl ester 
20% Palladium hydroxide/carbon catalyst was added to a 

solution of (S)-1,3,4,5-tetrahydro-4-[[(phenylmethoxy)car 
bonyl]amino]-3-oxo-2H-2-benzazepine- 2-acetic acid, ethyl 
ester (1.037 g., 2.62 mmole) in absolute ethanol (20 ml.) and 
the resulting suspension was stirred under a hydrogen atmo 
sphere (balloon) for 2 hours. The mixture was ?ltered 
through Celite and ?ltrate was evaporated to dryness. The 
semi-solid residue was triturated with hexane to give 0.63 g. 
of product as a white, crystalline solid; mp. 71°~73° C.; 
Rr—0.38 (methanol:methylene chloride, 1:9); [Ot]D=77.5° 
(c=0.59, chloroform). 

e) (S,S) -l,3,4,5-Tetrahydro—4-[[2~[(acetylthio)methyl]-1 
oxo-3-phenylpropyl]amino]-3-oxo-2H-2-benzazepine 
2-acetic acid, ethyl ester 

(S)-2-[(Acetylthio)methyl]benzenepropanoic acid, ephe 
drine salt (0.43 g., 1.07 mmol.) was partitioned between 
ethyl acetate (20 ml.)-aqueous hydrochloric acid (1.5 ml. 
1.0N hydrochloric acid +20 ml water). The organic phase 
was washed with aqueous hydrochloric acid (0.5 ml. 1.0N 
hydrochloric acid +10 ml water) and saturated sodium 
chloride solutions, dried (sodium sulfate) and evaporated to 
dryness. The resulting free acid (0.260 g., about 1.07 mmol) 
was taken up in dry dimethylforrnarnide (6.0 ml.), placed in 
an ice bath and treated with hydroxybenztriazole hydrate 
(0.150 g, 1.11 mmol) and l~ethyl-3-(3-dimethylaminopro 
pyl)carbodiimide hydrochloride (0.220 g, 1.15 mmol). After 
stirring at 0° C. for 1 hour, the resulting mixture was treated 
with (S)-1,3,4,5-tetrahydro-4-amino-3-oxo-2H-2-benza 
zepine- Z-acetic acid, ethyl ester (0.260 g, 0.992 mmol) in 
one portion. After stirring at 0° C. for 2 hours and at room 
temperature for 1 hour, the mixture was partitioned between 
ethyl acetate-water. The organic phase was washed succes 
sively with water, 5% potassium bisulfate, saturated sodium 
bicarbonate and saturated sodium chloride solutions, dried 
(sodium sulfate) and evaporated to dryness. Puri?cation of 
the cmde product (0.506 g.) by ?ash chromatography on 
silica gel (Whatmann LPS-l) eluting with ethyl acetate 
hexane (35:65) gave 0.39 g. as a colorless foam; Rj=0.30 
(ethyl acetate1hexane; 1:1). 

f) (S,S)- 1 ,3,4,5-Tetrahydro-4-[[Z-(mercaptomethyD- 1 - 
oxo-3-phenylpropyl]amino]-3~oxo-2H-2-benzazepine-2 
acetic acid 
A degassed solution of 1.0N aqueous sodium hydroxide 

(3.2 ml., 3.2 mmol.) was added to a degassed solution of the 
ethyl ester product from part (c) 0.39 g., 0.809 mmol.) in 
methanol (4 ml.) at 0° C. Throughout the course of the 
reaction, argon was continuously passed into the reaction 
mixture. After stirring at 0° C. for 45 rrrinutes the reaction 
was quenched with 5% potassium bisulfate (20 ml.) and 
extracted with ethyl acetate. The ethyl acetate extract was 
washed with 5% potassium bisulfate and saturated sodium 
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24 
chloride solutions, dried (sodium sulfate) and evaporated to 
dryness. The crude product was crystallized with ethyl 
acetate-hexane, collected by suction and dried in vacuo at 
50° C. to give 0.309 g, of product as a white solid, m p 
149°—151° C. (decomp). R/:0.47 (methylene chloride:acetic 
acid:methanol, 20:1:1); [ot]D=+112.2° (c=0.58, methanol) 

Anal. calc’d for C22l-l24N2O4S: C,64.06; H,5.86; N,6.79; 
8,7.77; SH,8.02 Found: C,64.20; H,6.09; N,6.43; S,7.68; 
SH,8.33. 

EXAMPLE 4 

(S,S)-1,3,4,5-Tetrahydro-4-[(Z-mercapto-1-oxo-3-phenyl~ 
propyl)amino]~3-oxo-2H-2-benzaZepine-2-acetic acid 

a) (S ,S)-1,3,4,5-Tetrahydro-4-[[2-(acetylthio)-1-oxo-3 
phenylpropyl]amino]-3-oxo~2H -2-benzazepine-2-acetic 
acid, ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid, dicyclohexy 
lamine salt (0.532 g., 1.31 mmol.) was partitioned between 
ethyl acetate-5% potassium bisulfate (25 ml. each). The 
organic phase was washed with 5% potassium bisulfate 
(2X15 ml) and saturated sodium chloride solutions, dried 
(sodium sulfate) and evaporated to dryness. The resulting 
free acid (colorless oil) was taken up in dry dimethylforma 
mide (6.0 ml.), placed in an ice bath and treated with 
hydroxybenztriazole hydrate (0.185 g., 1.37 mmol) and 
1 -ethyl-3~(3-dimethylaminopropyhcarbodiimide hydro 
chloride (0.270 g, 1.41 mmol). After stirring at 0° C. for 45 
minutes, the resulting mixture was treated with (S)-1,3,4,5 
tetrahydro- 4'amino-3-oxo-2H-2-benzazepine-2-acetic acid, 
ethyl ester (0.32 g., 1.22 mmol.) in one portion. After stirring 
at 0° C. for 2 hours and at room temperature for 1 hour, the 
mixture was partitioned between ethyl acetate-water. The 
organic phase was washed successively with water, 5% 
potassium bisulfate, saturated sodium bicarbonate and satu 
rated sodium chloride solutions; dried (sodium sulfate) and 
evaporated to dryness. TLC (ethyl acetate-hexane; 1:1) 
shows two products, Rf’s=0.35 (desired) and 0.28 (epimer). 
Puri?cation by ?ash chromatography on silica gel (What 
mann LPS-l) eluting with ethyl acetate-hexane (1:2) gave 
0.357 g. of product as a colorless foam; R/=0.35 (ethyl 
acetatezhexane, 1:1). 

b) (S,S) -1,3,4,5-Tetrahydro-4-[(2—mercapto-1-ox0-3 
phenylpropyl) amino]~3-oxo-2H -2-benzazepine-2-acetic 
acid 
A degassed solution of 1.0N aqueous sodium hydroxide 

(3.1 ml., 3.1 mmol.) was added to a degassed solution of the 
ethyl ester product from part (a) (0.357 g., 0.763 mmol.) in 
methanol (4 m1.) at 0° C. Throughout the course of the 
reaction, argon was continuously passed into the reaction 
mixture. After stirring at 0° C. for 45 minutes, the reaction 
was quenched with 5% potassium bisulfate (25 ml) and 
extracted with ethyl acetate. The ethyl acetate extract was 
washed with 5% potassium bisulfate and saturated sodium 
chloride solutions, dried (sodium sulfate) and evaporated to 
dryness. The crude product was triturated with ethyl ether 
hexane, collected by suction and dried in vacuo at 50° C. to 
give 0.290 g. as a white solid; mp. l81°—183° C. (decom 
position); R/=0.49 (methylene chloride:acetic acid:metha 
nol, 20:1:1); [ot]D:+103.4° (c=0.57, methanol). 

Anal. calc’d for C21H22N2O4S: C,63.30; H,5.56; N,7.03; 
S,8.05; SH,8.30; Found C,63.35; H,5.65; N,6.87; 8,8.07; 
SH,9.40. 

EXAMPLE 5 

[S-(R*,R*)]-2,3,4,5-Tetrahydro-3-[[2-(mercaptomethyl)-1 
oxo-3-phenylpropyl]amino]~2—oxo-lH-benzazepine- l-ace 
tic acid 
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a) [S-(R*,R*)]-2,3,4,5-Tetrahydro-3-[[2-[(acetylthio)m 
ethyl}1-oxo-3~phenylpropyl]amino]-2-oxo- lH-benza 
zcpine~l~acetic acid, ethyl ester 

(S)-2-[(Acetylthio)methyl]benzenepropanoic acid, ephe 
drine salt (1.547 g., 3.83 mmoles, 1.01 eq.) was suspended 
in ethyl acetate (72 ml.), washed with dilute hydrochloric 
acid (72 ml. water+5.4 ml. 1.0N hydrochloric acid then 36 
ml. water+1.8 ml. 1.0N hydrochloric acid), brine (12 ml.), 
dried (anhydrous magnesium sulfate), ?ltered and evapo 
rated to dryness. The colorless syrup was dried in vacuo for 
1.0 hour to give 1.062 g. of (S)-2-[(acetylthio)methyl] 
benzenepropanoic acid. 
The free acid was dissolved in dry dimethylformamide 

(21.8 ml.), cooled down to 0° (ice-salt bath), treated with 
l-hydroxybenztriazole hydrate (540 mg., 3.99 mmoles) and 
1~ethyl~3-(3-dimethylarninopropylcarbodiirnide (792 mg., 
4.13 mmoles) and stirred at 0° under argon for 1.0 hour. The 
clear solution was treated with (S)-2,3,4,5-tetrahydro 
3-amino-2-oxo-lH-benZazepine-l-acetic acid, ethyl ester 
[prepared as described by Watthey et al., J. Med. Chem, 28, 
p. 1511-1516 (1985)] (1.0 g., 3.81 mmoles) and stirring was 
continued at 0° for 1.0 hour and at room temperature for 1.0 
hour. The reaction mixture was diluted with ethyl acetate 
(100 ml.), washed successively with water (15 ml.), 5% 
potassium bisulfate (2x15 ml.), saturated sodium bicarbon 
ate (15 ml.) and brine (15 ml.), dried (anhydrous magnesium 
sulfate), ?ltered, evaporated to dryness and dried in vacuo. 
The crude product was chromatographed on a silica gel 
column (Merck), eluting the column with ethyl acetate:hex 
ane mixtures (1 :4; 1:2) to give 1.725 g. of product as a syrup; 
R/=0.42 (ethyl acetatezhexane, 1:1). 

b) [S-(R*,R*)]-2,3,4,5-Tetrahydro~3-[[Z-(mercaptom 
ethyl)- 1 -oxo-3-phenylpropyl]amino]-2-oxo- 1 H-benza 
zepine- l-acetic acid 
A solution of the ethyl ester product from part (a) (1.725 

g., 3.574 mmoles) in methanol (18.0 ml.) was purged with 
argon for 30 minutes, cooled down to 0° (ice-salt bath) then 
treated dropwise with a previously purged (argon, 30 min 
utes) solution of 1.0N sodium hydroxide (14.3 ml., 4 eq.) 
maintaining the bubbling of argon throughout the addition 
and the length of the reaction. The reaction mixture was 
stirred at 0° for 1.0 hour, acidi?ed at 0° with 5% potassium 
bisulfate (60 ml.) to pH 1.0 then extracted with ethyl acetate 
(2x120 ml.). The organic extracts were washed with brine 
(30 ml.), dried (anhydrous sodium sulfate), ?ltered, and 
evaporated to dryness. The crude product was dissolved in 
methylene chloride (10 ml.) and treated portionwise with 
hexane (50 ml.), scratching the mixture to form a solid. The 
supernatant was decanted and the solids triturated with 
additional hexane (2X50 ml.) and pentane (2x100 ml.), 
stirring with the ?rst 100 m1. of pentane for 4.0 hours and the 
next 100 ml. overnight under argon. The product obtained 
was then dried in vacuo for 12 hours to give 1.438 g. of 
product as an amorphous solid Rf=0.53 (methylene chlori 
de:methanol:acetic acid, 20:1:1); [ot]D=-l40.4° (c=0.76, 
methanol) 

Anal. calc’d for C22H24N2O4S. 0.11 CSHIZ: C,64.42; 
H,6.07; N,6.66; S,7.63; SH,7.8'7 Found: C,64.07; H,6.13; 
N,6.34; S,7.25; SH,7.14. 

1NMR(CDCl3) 1.42 (t, 1H), 1.95 (m, 1H), 2.44-2.90 (m, 
7H), 3.27 (m, 1H), 4.37 (d, 1H, J=l7 Hz), 4.52 (m, 1H), 4.67 
(d, 1H, J=l7 Hz), 6.86-8.00 (m, 9H). 

EXAMPLE 6 

[S-(R*,R*)]-2,3,4,5~Tetrahydro~3~[(2-mercapto-1-oxo-3 
phenylpropyl)amino]-2-oxo- 1 H-benzazepine- 1 -acetic acid 
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26 
a) [S~(R*,R*)-2,3,4,5-Tetrahydro-3—[[2-(acetylthio)-2 

oxo-3-phenylpropyl1amino]-2-oxo-1H~benzazepine- l-ace 
tic acid, ethyl ester 
A suspension of (S)—2-(acetylthio) benzenepropanoic 

acid, dicyclohexylarnine salt (1.70 g., 4.19 mmoles) was 
suspended in ethyl acetate (120 ml.), washed with 5% 
potassium bisulfate (5X20 ml.) and brine (25 ml.), dried 
(anhydrous magnesium sulfate, ?ltered, evaporated to dry 
ness and dried in vacuo to give 954 mg. of the free acid as 
a syrup. 

This free acid was dissolved in dry methylene chloride 1 
(25 m1.) and cooled down to 0° (ice-salt bath) treated with 
l-hydroxybenztriazole hydrate (594 mg, 4.40 mmoles) and 
1-ethyl-3~(3-dimethylaminopropyl)carbodidimide (870 mg., 
4.54 mmoles) and stirred at 0° for 1.0 hour. The solution was 
treated with a solution of (S)-2,3,4,5-tetrahydro-3-amino-2 
oxo~lH~benzazepine-1-acetic acid, ethyl ester [prepared as 
described by Watthey et al., J. Med. Chem, 28, p 1511-1516 
(1985)] (1.0 g., 3.81 mmoles) in dry methylene chloride (10 
rrrl.) and stirring was continued at 0° for 1.0 hour and at 
room temperature for 1.5 hours. The reaction mixture was 
diluted with ethyl acetate (100 ml.), washed successively 
with water (15 ml.), 5% potassium bisulfate (2X15 ml.), 
saturated sodium bisulfate (15 ml.) and brine (15 ml.), dried 
(anhydrous sodium sulfate), ?ltered, evaporated to dryness 
and dried in vacuo. The crude product was chromato graphed 
on a silica gel column (Merck), eluting the column with 
ethyl acetate:hexane mixtures (1:4; 1:2) to give 1.632 g. of 
product as a syrup. An additional 127 mg. of the isomer 
mixture (1:1 ratio) was also obtained from the column; 
R/=0.50 (ethyl acetate2hexane, 1:1). 

b) [S-(R*,R*)]-2,3,4,5-Tetrahydro-3—[(2-mercapto-l 
oxo-3-phenylpropyl)amino]-2-oxo- 1 H-benzazepine~ 1 -ace 
tic acid 
A solution of the ethyl ester product from part (a) (1.57 g., 

3.35 mmoles) in methanol (17.0 ml.) was purged with argon 
for 30 minutes, cooled down to 0° (ice-salt bath) then treated 
dropwise with a previously purged (argon, 30 minutes) 
solution of 1.0N sodium hydroxide (13.4 ml., 4.0 eq.) 
maintaining the bubbling of argon throughout the addition 
and length of the reaction. The reaction mixture was stirred 
at 0° for 1.0 hour, acidi?ed at 0° with 5% potassium bisulfate 
(60 ml.) to pH 1.0 then extracted with ethyl acetate (2x110 
ml.). The organic extracts were washed with brine (30 ml.), 
dried (anhydrous sodium sulfate), ?ltered, evaporated to 
dryness and dried in vacuo. The crude product was dissolved 
in methylene chloride (10 ml.) and treated portionwise with 
hexane (50 ml.), scratching the mixture to form a solid. The 
supernatant was decanted and the solids triturated with 
additional hexane (2X50 ml.) and pentane (2X 100 ml.), 
stirring with the ?rst 100 ml. of pentane for 4 hours and the 
next 100 ml. overnight under argon. The product obtained 
was then dried in vacuo for 12 hours to give 1.237 g. of 
product; R/=0.58 (methylene chloride:methanol:acetic acid, 
20:1:1); [ot]D=-l55.5° (0:0.73, methanol). 

Ana1.calc’d.for CmH22 N2O4S. 0.1 C5H12. 0.18 H2O: 
C,63.l4; H,5.81; N,6.85; 5.7.84; SH,8.09 Found: C,63.l4; 
H,5.85; N,6.58; S,7.50; SH,7.05. 

1H-NMR-(CDCl3): 1.88 (m, 1H), 1.97 (d, 1H), 2.62 (m, 
2H), 3.07 (m, 2H), 3.25 (m, 1H), 3.51 (m, 1H), 4.39 (d, 1H, 
J=l7 Hz), 4.45 (m, 1H), 4.64 (m, 1H, J=l7 Hz), 7.07-7.41 
(m, 9H). 

EXAMPLE 7 

[2S-[2ot,5ot(R*)]]-5,6-Dihydro-5-[(2-mercapto-1-oxo-3 
phenylpropyl]amino]-4-oxo-2-phenyl-2H-1,3-thiazine 
3(4H) -acetic acid 

a) (2S—cis)-5,6~Dihydro-5-phthalimido-4-oxo-2-phenyl 
2-H-1,3-thiazine-3(4H)-acetic acid, ethyl ester 
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Following the procedure of U.S. Pat. No. 4,460,579 
Example 1(a) through 1(c), 15.6 g., of the diastereomeric 
produce mixture was obtained. The mixture was re?uxed in 
ether (500 ml.) for 4 hours, cooled in an ice-bath, and ?ltered 
to yield 5.9 g. of (2R-trans)-5,6-dihydro-5-phthalimido-4 
oxo-2-phenyl-2H-l,3-thiazine-3(4H)-acetic acid, ethyl 
ester; m.p. l66°—168° C.; R/:0.40 (hexanes:ethyl acetate, 
1:1); [ot]D=—'72.9° (c=l, chloroform). 

Anal. calc’d. for C22H2ONZOSS: C,62.25; H,4.75; N,6.60; 
S,7.77 Found: C,62.21; H,4.82; N,6.63; S,7.52. 

Trituration of the remainder of the product mixture with 
re?uxing ether (125 ml.) afforded a second batch of 0.9 g. of 
the (2R-trans) isomer product. The residue was triturated 
again with re?uxing ether to give 0.75 g. of insoluble 
substance [largely (ZR-trans) isomer] and 7.1 g. of material 
enriched in (2S-cis) isomer. 6.0 g. of the enriched (2S-cis) 
isomer material was chromatographed on two connected 
Waters Prep L C columns and eluted with hexanes:ethyl 
acetate (3:1). Pooling of the product containing fractions 
yielded 4.8 g. of (2S-cis)-5,6-dihydro-5-phthalimido-4-oxo 
2-phenyl-2H-l,3-thiazine-3(4H)-acetic acid, ethyl ester, 
m.p. 66°—68° C.; [ot]D=—101.‘2°. TLC same as isomer A. 

Anal. calc’d. for CZZHZONZOSS. 0.2 H20: C,61.83; 
H,4.79; N,6.55; S,7.50 Found: C,6l.83; H,5.07; N,6.25; 
8,742. 

b) (2S-cis)-5 ,6-Dihydro-5-amino-4-oxo-2-phenyl-2H- l , 
3-thiazine-3(4H)—acetic acid, ethyl ester 
A solution of the (2S-cis) isomer product from part (a) 

(approximately 85% diastereomerically pure, 3.03 g., 7.1 
mmol.) in chloroform (15 ml.) was treated with methyl 
hydrazine (850 pl, 736 mg., 16.0 mmol.). After stirring at 
room temperature for 24 hours, the mixture was diluted with 
ethyl acetate and ethyl ether and ?ltered. The ?ltrate was 
extracted twice with 0.5N hydrochloric acid and the pooled 
aqueous extracts were made basic with 1N sodium hydrox 
ide. The aqueous mixture was extracted three times with 
methylene chloride and the pooled methylene chloride 
extracts were dried (sodium sulfate), ?ltered, and stripped to 
give 1.648 g., of product as a pale yellow oil; R]=0.43 
(methylene chloridezacetic acid:methanol, 8:1:1). NMR 
analysis showed the product was obtained in approximately 
84% diastereomeric purity. 

c) [2S~[2ot,5ot(R*)]]~5,6-Dihydro-5-[[2-(acetylthio)-l 
oxo-3-phenylpropyl1amino]-4-oxo-2~phenyl-2H~1 ,3-thiaz 
inc-3 (4H) acetic acid, ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid, dicyclohexy 
larnine salt (1.318 g., 3.25 mmol.) was partitioned between 
ethyl acetate and 5% potassium bisulfate. The ethyl acetate 
layer was washed with water and brine, then dried (sodium 
sulfate), ?ltered and stripped to give the free acid as a 
colorless oil. A mixture of acid this free acid and the (2S-cis) 
product from part (b) (84% diastereomeric purity, 960 mg., 
3.26 mmol.) was dissolved in methylene chloride (25 ml.) 
and treated with l-hydroxybenztriazole hydrate (622 mg., 
4.6 mmol.) then cooled to —10° C. The mixture was subse 
quently treated with 1-ethy1~3-(3-dimethyl-aminopropyl 
)carbodiirnide (687 mg., 3.58 mmol.). After slowly warming 
to 0° C. over a one hour period, the mixture was subse 
quently warmed to room temperature. After 4 hours, the 
solution was diluted with ethyl acetate and washed succes 
sively with water, 5% potassium bisulfate, water, saturated 
sodium bicarbonate, and brine, then dried (sodium sulfate), 
?ltered, and stripped. The residue was ?ash chromato 
graphed (Merck silica gel, lzl-ethyl acetate:hexane) to give 
804 mg. of product as a colorless foam; Rf=0.33 (50% ethyl 
acetate in hexanes). NMR analysis indicated the material 
was 91% diastereomerically pure with respect to acetylthio 
center. 
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A solution of the ethyl ester product from part (c) (500 
mg, 1.0 mmol.) in methanol (5 ml., deoxygenated via argon 
bubbling) at 0° C. was treated with ice cold 1N sodium 
hydroxide (5 ml., deoxygenated via argon bubbling) and the 
resulting mixture was stirred at 0° C. under argon for 30 
minutes. The solution was‘ acidi?ed with 10% potassium 
bisulfate (15 ml.), diluted with water and extracted with 
ethyl acetate. The ethyl acetate extract was washed with 
water and brine, then dried (sodium sulfate), ?ltered and 
stripped to afford an oil/foam. This material was ?ash 
chromatographed (Merck silica gel, 20:1:l-methylene chlo 
ridezmethanolzacetic acid). The fractions containing the 
product were pooled and stripped, and the residue was taken 
up in ethyl acetate and washed successively with water, 0.5N 
hydrochloric acid, and brine, then dried (sodium sulfate), 
?ltered and stripped again. The resulting oil was dissolved in 
a small amount of ethyl acetate and ethyl ether and triturated 
with hexane. The mixture was stripped to dryness, slurried 
in hexane, stripped to dryness again, and dried in vacuo to 
give 392 mg., of product as a white foam; Rf=0.24 (meth 
ylene chloride:methanol:acetic acid, 20:1:1); [0t]D=—l3.2° 
(c=0.5, chloroform). HPLC: YMC S3ODS column (6.0><l50 
mm); eluted with 44% A: 90% water-10% methanol-0.2% 
phosphoric acid and 56% B: 10% water-90% methanol 
0.2% phosphoric acid; ?ow rate 1.5 ml/min detecting at 220 
nm; tR=26.22 min. and tR=24.64 min (9.3% 5ot(S*) isomer). 

Anal. calc’d. for C21H22N2O4S2017H2O: C,58.18; 
H,5.19; N,6.46; S,14.79; SH,7.63 Found: C,58.20; H,5.51; 
N,6.44; S,14.46; SH,6.60. 

EXAMPLE 8 

a) [2S-[2a,5ot(R*)]]-5,6-Dihydro-5-[[-2-[(acetylthio)m 
ethyl]-1-oxo -3-phenylpropyl]amino]-4-oxo-2-phenyl-2H 
l,3-thiazine-3(4H)-acetic acid, ethyl ester 

(S)-2-[(Acetylthio)methyl]benzenepropanoic acid, ephe 
drine salt (1.638 g., 4.04 mmol.) was partitioned between 
ethyl acetate and water containing 6.0 ml. 1N hydrochloric 
acid. The ethyl acetate layer was washed with water and 
brine, then dried (sodium sulfate), ?ltered, and stripped to 
give the free acid as a colorless oil. A mixture of this free 
acid and (2S-cis)-5,6-dihydro-5-arnino-4—oxo-2-phenyl-2H~ 
1,3-thiazine-3(4H)-acetic acid,ethyl ester 84% diastereo 
merically pure, 1.19 g., 4.04 mmol.) was dissolved in 
methylene chloride (25 ml.) and treated with l-hydroxyben 
ztriazole hydrate (575 mg, 4.2 mmol.) then cooled to 0° C. 
The mixture was subsequently treated with l-ethyl-3-(3 
dimethylaminopropyl)carbodiimide (775 mg, 4.04 mmol). 
The mixture was stirred at 0° C. for 45 minutes, then let 
warm to room temperature. After an additional 2 hours, the 
solution was diluted with ethyl acetate and washed succes 
sively with water, 5% potassium bisulfate, water, saturated 
sodium bicarbonate, and brine, then dried (sodium sulfate), 
?ltered, and stripped. The residue was ?ash chromato 
graphed (Merck silica gel, 40% to 60% ethyl acetate in 
hexane) to give 1.228 g., of product as a white foam; 
R/=0.29 (50% ethyl acetate in hexanes). NMR analysis 
indicated that the product was diastereomerically pure. 

b) [2S-[2a,5ot(R*)]]-5,6-Dihydro-5-[[2-(mercaptom 
ethyl)-1-oxo-3-phenylpropyl]amino]-4-oxo-2-phenyl -2H 
2,3-thiazine-3(4H) -acetic acid 
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A solution of the ethyl vester product from part (a) (705 
mg., 1.37 mmol.) in methanol, (10 ml. deoxygenated via 
argon bubbling) was treated with 1N sodium hydroxide (10 
1111., dcoxygenated via argon bubbling) and the resulting 
mixture was stirred at 0° C. under argon for 15 minutes. The 
solution was acidi?ed with 1N hydrochloric acid (15 1111.), 
diluted with water and extracted with ethyl acetate. The 
ethyl acetate extract was washed with water and brine, then 
dried (sodium sulfate), ?ltered and stripped to afford an oil. 
The material was ?ash chromatographed (Merck silica gel, 
20:1:l-methylene chloride2methanolzacetic acid). The frac 
tions containing the desired product were pooled, and 
stripped, and the residue was taken up in ethyl acetate and 
washed successively with water, 0.5N hydrochloric acid, 
and brine, then dried (sodium sulfate), ?ltered and stripped 
again. The resulting oil was dissolved in a small amount of 
ethyl acetate and ethyl ether and triturated with hexane. The 
mixture was stripped to dryness, slurried in hexane, stripped 
to dryness again, and dried in vacuo to give 548 mg. of 
product as a relatively hard white foam; Rf=0.29 (methylene 
chloride:methanol:acetic acid, 20:1:1); [ot]D=+42.9° (c:1.0, 
chloroform). HPLC : YMC S3ODS column (6.0X150 mm); 
eluted with 44% A: 90% water-10% methanol-0.2% phos 
phoric acid and 56% B: 10% water-90% methanol-0.2% 
phosphoric acid; ?ow rate 1.5 ml/rnin detecting at 220 nm; 
tR=33.45 min (99.1%). 

Anal. calc’d. for C22H24N2O4S2: C,59.44; H,5.44; 
N,6.30; 8,141.42; SH,7.44 Found: C,59.63; H,5.84; N,5.99; 
S,14.54; SH,6.83. 

EXAMPLE 9 

(S,S)-Hexahydro-3~[[2-(mercaptomethyl)-l-oxo-3-phenyl 
propyl]arnino]-2-oxo~lH-azepine-l—acetic acid 

a) N 2- [(1 , 1 -Dimethylethoxy)carbonyl]-N°-[(phenyl 
methoxy)carbonyl]~L-lysine, methyl ester 

Cesium carbonate (4.28 g., 13.1 mmoles) was added to a 
mixture of N2-[(1,l—dimethylethoxy)carbonyl]-N°~[(Phe 
nylmethoxy)carbonyl]-L-lysine (10 g., 26.3 mmoles) and 
20% water-methanol (60 ml.). The solution became homo 
geneous within 5 minutes so the solvent was stripped and the 
residual water removed azeotropically with acetonitrile (3x). 
The resulting oil was dried in vacuo, dissolved in dry 
dimethyl-formarnide and treated with methyl iodide (3.2 
1111., 2.0 eq.). The reaction mixture was stirred at room 
temperature for 1.5 hours under argon, diluted with ethyl 
acetate (200 ml.) and washed successively with water (2X25 
1111.), saturated sodium bicarbonate (25 ml.) and brine (25 
ml.). The organic phase was dried (anhydrous magnesium 
sulfate), ?ltered, evaporated to dryness and dried in vacuo to 
give 10.11 g., of product as a light yellow syrup; Rj=0.30 
(ethyl acetate:hexanes, 1:2). 

b) (S)-3-[[(1,l-Di1nethylethoxy)carbonyl]amino] 
hexahydro-2H-azepin-2-one 
A solution of the methyl ester product from part (a) (8.532 

g., 21.63 mmoles) in dry methanol (100 ml.) was treated 
with 10% palladium on carbon catalyst (2.13 g.) and hydro 
genated at 50 psi for 2 hours. The mixture was diluted with 
methanol (100 1111.) and ?ltered through a celite pad in a 
millipore unit, washing the pad well with methanol (3x100 
1111.). The clear ?ltrate was evaporated to dryness, dried in 
vacuo and the resulting oil was dissolved in dry xylene (70 
1111.). The solution was refluxed under argon for 20 hours, 
cooled down to room temperature, diluted with ethyl acetate 
(425 1111.), and washed successively with 5% potassium 
bisulfate (85 1111.), saturated sodium bicarbonate (85 ml.) and 
brine (85 ml.). The organic phase was dried (magnesium 
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30 
sulfate), ?ltered, evaporated to dryness and dried in vacuo. 
The crude product was chromatographed on a silica gel 
column (Merck), eluting the column with ethyl acetate:hex 
ane (1:1) to give 2.76 g. of product as a white solid; mp. 
146°14 147°; Rf=0.58 (ethyl acetate); [ot]D=+4.5° (c=1.0, 
methanol). 

Anal. calc’d. for C11H2oN2O3: C,57.87; H,8.83; N,12.27 
Found: C,58.12; H,8,63; N,l2,26. 

c) (S)-3-[[(l.1-Dimethylethoxy)carbonyl]a1nino]-hexahy 
dro-2-ox0—1H-azepine-l-acetic acid, ethyl ester 
A suspension of the 2H-azepine-2-one product from part 

(b) (2.966 g., 12.99 mmoles) in dry tetrahydrofuran (21.0 
ml.) was treated with 1.0M potassium t-butoxide/tetrahy 
drofuran (16.9 1111., 1.3 eq.) and stirred under argon at room 
temperature for 5 minutes. The clear light brown solution 
was treated dropwise with ethyl bromoacetate (2.34 ml., 1.7 
eq.), stirred at room temperature for 1.0 hour then diluted 
with ethyl acetate (100 ml). The mixture was washed with 
saturated sodium bicarbonate (20 1111.), 5% potassium bisul~ 
fate (15 ml.) and brine (15 ml.), dried (anhydrous magne 
sium sulfate), ?ltered, evaporated to dryness and dried in 
vacuo. The crude product was chromatographed on a silica 
gel column (Merck), eluting the column with hexane and 
ethyl acetate:hexane mixtures (1:6; 1:3) to give 3.387 g. of 
product as a syrup; Rj=0.55 (ethyl acetate: hexane, 1:1) 

d) (S)-3-A1nino~hexahydro-2-oxo- 1 H-azepine- l -acetic 
acid, ethyl ester, hydrochloride salt 
A solution of the ethyl ester product from part (c) (3,278 

g., 10.13 mmoles) in dry dioxane (80 ml.) was treated with 
4.0M hydrochloric acid/dioxane (31 1111., 0.124 mole, 12 eq.) 
and stirred at room temperature under argon for 20 hours. 
The reaction mixture was stripped to dryness, evaporating 
the product several times from ether, then dried in vacuo to 
give 2.541 g. of product as a white crystalline hygroscopic 
solid; R]=0.32 (methylene chloridecmethanolzacetic acid, 
8:1:1). 

e) (S,S)-3-[[2-[(Acetylthio)methyl]-1‘oxo-3-phenylpro 
pyl]a1nino]-2-oxo-lH-azepine-l-acetic acid, ethyl ester 

(S)-2~[(Acetylthio)methyl]benzenepropanoic acid, ephe 
drine salt (1.625 g., 4.028 moles, 1.01 eq.) was suspended in 
ethyl acetate (75 1111.), washed with dilute hydrochloric acid 
(75 ml. water+5.7 ml. 1.0N hydrochloric acid then 40 ml. 
water+l.9 ml. 1.0N hydrochloric acid), brine (15 1111.), dried 
(anhydrous sodium sulfate), ?ltered and evaporated to dry 
ness. The colorless syrup was dried in vacuo for 1.0 hour to 
afford 1.05 g. of the free acid. 

This free acid was dissolved in dry dimethylformamide 
(25 1111.), cooled down to 0° (ice-salt bath), treated with 
l-hydroxybenztriazole hydrate (567 mg.,4.20 moles) and 
1-ethyl-3~(3-dimethylarninopropylcarbodiimide (832 
mg.,4.34 moles) and stirred at 0° under argon for 1.0 hour. 
The clear solution was treated with a solution of the ethyl 
ester hydrochloride salt product of part ((1) (1.0 g., 3.988 
mmoles) in dry dimethylformamide (3.0 ml.) and 4-meth 
ylmorpholine (0.45 1111., 1.0 eq.) and stining was continued 
at 0° for 1.0 hour and at room temperature for 2.0 hours. The 
reaction mixture was diluted with ethyl acetate (100 ml), 
washed successively with water (15 m1), 5% potassium 
bisulfate (2X15 ml.), saturated sodium bicarbonate (15 ml.) 
and brine (15 1111.), dried (anhydrous sodium sulfate), ?l 
tered, evaporated to dryness and dried in vacuo. The crude 
product was chromatographed on a silica gel column 
(Merck), eluting the column with ethyl acetate :hexane 
mixtures (1:4; 1:2) to give 1.618 g., of product as a syrup; 
Rf=0.030 (ethyl acetate:hexane, 1:1). 

f) (S,S)-Hexahydro-3-[[2~(mercaptomethyl)-l-oxo-3 
phenylpropyl]amino]-2-oxo-1H-azepine-l-acetic acid 
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A solution of the ethyl ester product from part (c) (1.537, 
3.53 moles) in methanol (18 ml.) was purged with argon for 
30 minutes, cooled down to 0° (ice-salt bath) then treated 
dropwise with a previously purged (argon, 30 minutes) 
solution of 1.0N sodium hydroxide (14.2 ml., 4 eq.) main 
taining the bubbling of argon throughout the addition and the 
length of the reaction. The reaction mixture was stirred at 0° 
for 1.0 hour, acidi?ed at 0° with 5% potassium bisulfate (60 
ml.) to pH 2.0 then extracted with ethyl acetate (2x100 ml.). 
The organic extracts were washed with brine (25 ml.), dried 
(anhydrous sodium sulfate), ?ltered, evaporated to dryness 
and dried in vacuo. The crude product was dissolved in 
methylene chloride- (5 ml.) and treated portionwise with 
hexane (50 ml.), scratching the mixture to form a solid. The 
supernatant was decanted and the solids were triturated with 
more hexane (3X50 ml.) and the solids were evaporated from 
pentane (4X40 ml.). The resulting product was dried in 
vacuo 12 hours to give 1.261 g., of product as an amorphous 
solid; Rf=0.43 (methylene chloride:methanol:acetic acid, 
20:1:1); [ot]D=+20.2° (c=0.6l, methanol). 
lH-NMR (400 MHz, CDCl3): 1.46 (t,3H), 1.81, (m, 6H), 

2.60 (m,2H), 2.87 (m,3l-I), 3,21 (m, 1H), 3.71 (m, 1H), 4.17 
(s, 2H), 4.68 (m, 1H), 7.13-7.27 (m, 5H). 

Anal. calc’d. for C18H24N2O4S. 0.2C5H12.0,45 H2O: 
C,58.96; H,7.11; N,7.24; S,8.28; SH,8.54; Found: C,58.96; 
H,6.86; N,7.07; S,8.31; SH,8.43. 

EXAMPLE 1O 

(S,S)-Hexahydro-3-[(2-mercapto-l-oxo-3-phenylpropyl) 
amino]-2-oxo-1H-azepine-l~acetic acid 

a) (S,S)-3-[[2-(Acetylthio)-l~oxo-3-phenylpropyllamino] 
—2-oxo~lH-azepine-l-acetic acid, ethyl ester 
A suspension of (S)-2-(acetylthio)benzenepropanoic acid, 

dicyclohexylarnine salt (2.81 g., 6.93 moles or 1.01 eq.) was 
suspended in ethyl acetate (200 ml.), washed with 5% 
potassium bisulfate (5X30 ml) and brine (40 ml.), dried 
(anhydrous magnesium sulfate), ?ltered, evaporated to dry 
ness and dried in vacuo to give 1.737 g. of the free acid as 
a clear syrup. 

This free acid was dissolved in dry methylene chloride 
(30 ml.) and cooled down to 0° (ice-salt bath) treated with 
l-hydroxybenztriazole hydrate (978 mg., 7.23 mmoles) and 
l-ethyl-3-(3-dimethylaminopropyl)carbodiirnide (1.435 
mg., 7.49 moles) and stirred at 0° for 1.0 hour. The solution 
was treated with a solution of (S)-3-amino-hexahydro-2 
oxo-lH-azepine- l—acetic acid, ethyl ester, hydrochloride 
salt (1.58 g., 6.30 mmoles) in dry methylene chloride (10 ml) 
and 4-methylmorpholine (0.77 ml., 7.01 mmoles) and stir 
ring was continued at 00 for 1.0 hour and at room tempera 
ture for 1.5 hours. The reaction mixture was diluted with 
ethyl acetate (170 ml), washed successively with water (25 
ml.), 5% potassium bisulfate (2x25ml.), saturated sodium 
bicarbonate (25 ml.) and brine (25 ml.), dried (anhydrous 
magnesium sulfate), ?ltered, evaporated to dryness and 
dried in vacuo. The crude product was chromatographed on 
a silica gel column (Merck), eluting the column with ethyl 
acetatezhexanes (3:7) to give 2.045 g. of product as a syrup. 
An additional 261 mg. of the isomer mixture (1:1 ratio) was 
obtained from the column; R/=0.45 (ethyl acetatezhexane, 
1:1). 

b) (S,S)-Hexahydro-3-[(2-mercapto-l-oxo-3-phenylpro 
pyl)amino]-2-oxo-lH-azepine-l-acetic acid 
A solution of the ethyl ester product from part (a) (2.044 

g., 4.86 mmoles) in methanol (25 ml.) was purged with 
argon for 30 minutes, cooled down to 0° (ice-salt bath) then 
treated dropwise with a previously purged (argon, 30 min~ 
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32 
utes) solution of 1.0N sodium hydroxide (19.55 ml., 4 eq.) 
maintaining the bubbling of argon throughout the addition 
and the length of the reaction. The reaction mixture was 
stirred at 0° for 1.0 hour, acidi?ed at 0° with 5% potassium 
bisulfate (85 ml.) to pH 2.0 then extracted with ethyl acetate 
(2x140 ml.). The organic extracts were washed with brine 
(35 ml.), dried (anhydrous sodium sulfate), ?ltered, evapo~ 
rated to dryness and dried in vacuo The crude product was 
dissolved in methylene chloride (10 ml.) and treated por 
tionwise with hexane (50 m1.), scratching the mixture to 
form a solid. The supernatant was decanted and the solids 
triturated with more hexane (2X50 ml.) and pentane (2x100 
ml.), stirring with the ?rst 100 ml. of pentane for 4 hours and 
the next 100 ml. overnight under argon. The product 
obtained was then dried in vacuo for 12 hours to give 1.618 
g. of product as an amorphous solid; Rj=0.53 (methylene 
chloride:methanol:acetic acid, 10:1:1); [ot]D=+8.04° 
(c=0.56, methanol). 
lHNMR (400 MHz, CDCl3): 1.71 (m,6H), 2.02 (d, 1H), 

3.16 (m, 3H), 3.61 (m, 1H), 3.70 (m, 1H), 4.17 (s,2H), 4.65 
(m, 1H), 7.18—7.72 (m,5H). 

Anal. calc’d. for C17H22N204S: C,58.27; H,6.33; N,7.99; 
S,9.15; SH,9.44 Found: C,58.43; H,6.56; N,7.85; S,8.96; 
SH,10.27. 

EXAMPLE ll 

[3R-[3ot,6ot(S*),9aB]]-Octahydro-6-[(2-mercapto-l-0xo-3 
phenylpropyl) amino]5-oxothiazolo[3,2-a]]azepine-3-car 
boxylic acid 

a) Nz-Phthaloyl-L-lysine 
A mixture of N°-[(1,1-dimethylethoxy)carbonyl]-L 

lysine (10.827 g., 43.9 mmol.) and sodium carbonate (4.665 
g., 44.0 mmol.) was stirred in 170 ml of ethanolzwater (1:3) 
for 2.5 hours. The ethanol was removed by rotary evapora 
tion and the aqueous solution was treated with N-carbethoxy 
phthalimide (9.66 g, 44.0 mmol). After stirring at room 
temperature for 1.5 hours, the solution was ?ltered, treated 
with methylene chloride (200 ml), and the aqueous layer was 
acidi?ed with 6N hydrochloric acid (to pH 2.8). The layers 
were shaken and separated. The aqueous layer was extracted 
again with ethyl acetate and the pooled organic layers were 
dried (magnesium sulfate), ?ltered, and stripped to give a 
near colorless oil/glass (19.510 g). 
The residue was cooled to 0° C., treated with tri?uoro 

acetic acid (150 ml), and the mixture was let stir at room 
temperature for 3 hours. The tri?uoroacetic acid was 
removed by rotary evaporation and the residue was azeo 
troped twice with toluene. The crude product was taken up 
in water and run on a Dowex AG 50-X2 (100—200 mesh, 300 
ml, acidic form) column eluting in succession with 1:1 
methanol:water (600 ml), water (500 ml.), and ?nally 5:95 
pyridine:water (1000 1111.). The desired fractions were 
pooled, stripped, taken up in water and lyophilized to give 
7,850 g. of product as a white solid; Rf=O.57 (n-butanol 
:water:acetic acid:ethyl acetate, 1:1:1:1) 

b) [2(S),4R]-4-(Methoxycarbonyl)-ot-phthalimido~2-thia 
Zolidinepentanoic acid 
A slurry of Nz-phthaloyl-L-lysine (7.710 g., 27.9 mmol.) 

in dry dimethylforrnamide (135 ml.) was treated with 
4-formyl-l-methylpyridinium benzenesulfonate (7.320 g, 
26.2 mmol). The resulting dark mixture gradually became 
homogeneous. After stirring at room temperature for 1 hour, 
the mixture was treated with 1,8-diazobicyclo[5.4.0]undec~ 
7-ene (8.15 ml, 8.30 g, 54.5 mmol.) followed 5 minutes later 
with L—cysteine, methyl ester, hydrochloride (4.53 g, 26.3 
mmol). The dark solution was stirred for 2.5 hours, then 
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diluted with aqueous hydrochloric acid (pH 1.7, 300 ml.) 
and chloroform (150 ml.). The aqueous layer was adjusted 
to pH 4.3-4.4 with 0.5N hydrochloric acid and subsequently 
extracted ?ve times with chloroform. The pooled chloro 
form extracts were washed with water (50 ml.), dried 
(sodium sulfate), ?ltered and stripped. The residue was 
taken up in ethyl acetate, ?ltered through Celite, and con 
centrated to give 1.84 g. of crude product as a dark orange 
red oil. Rj=0.58 major spot (acetic acidzethyl acetate, 15:85). 
NMR shows a 2:1 ratio of isomers. 

c) [3R—(3(1,600]~Octahydro-6~phthalirnido-5~oxothiazolo 
[3,2-a]azepine-3-carboxylic acid, methyl ester 
A solution of the product from part (b) (1.84 g., 4.7 mmol) 

in tetrahydrofuran (70 ml.) was treated with 2-ethoxy-l 
cthoxycarbony1~l,2-dihydroquinoline (1.400 g., 5.67 
mmol.) and the mixture was stirred at room temperature for 
3 days. The tetrahydrofuran was removed by rotary evapo 
ration and the residue was taken up in ethyl acetate and 
washed in succession with 0.5N hydrochloric acid (2x), 50% 
saturated sodium bicarbonate, water, and brine, then dried 
(sodium sulfate), ?ltered, and stripped. The resulting orange 
oil was ?ash chromatographed (Merck silica gel, 40-50% 
ethyl acetate in hexanes) to give 1.126 g. of product as a 1:1 
mixture of diastereomers; R/:0.22 and 0.20 (40% ethyl 
acetate in hexane). 

d) [3R-(30t,60t,9a[5)]-Octahydro-6-phthalimido~5 
oxothiazolo[3,2~a]azepinc-3-carboxylic acid, methyl ester 
A mixture of the methyl ester product from part (c) (1.110 

g.) and p-toluenesulfonic acid hydrate (2.33 g) in benzene 
(20 ml.) was re?uxed with removal of water (Dean-Stark 
trap) for 2.5 hours. The cooled mixture was diluted with 
ethyl acetate and washed with 50% saturated sodium bisul 
fate, water, and brine, then dried (sodium sulfate), ?ltered, 
and stripped. The residue was ?ash chromatographed 
(Merck silica gel, 10-20% ethyl acetate in methylene chlo 
ride) to give nearly pure product as an off-white foam. The 
foam was dissolved in hot ethyl acetate/hexanes, cooled and 
seeded to give ?ne white needles (845 mg). An additional 50 
mg of solid product was obtained from the mother liquor 
bringing the total amount of pure product to 895 mg; mp. 
l54°-l55° C.; [ot]D=—31.8° (c=0.52, chloroform); R/=0.22 
(40% ethyl acetate in hexane). 

e) [3R-(3ot,60t,9al3)]-6-Amino-octahydro-5~oxothiazolo 
[3,2-a]azepine-3-carboxylic acid, methyl ester, hydroclrlo 
ride salt 
A slurry of the methyl ester product from part (d) (875 

mg., 2.34 mmol.) in absolute ethanol (50 ml.) was treated 
with hydrazine hydrate (115 pl, 118 mg., 2.37 mmol) and the 
solution was periodically warmed for the ?rst two hours to 
e?’ect solubilization. After stirring at room temperature for 3 
days, additional hydrazine hydrate (80 pl, 82.6 mg., 1.65 
mmol) was added and the mixture was stirred for one more 
day. The reaction was stripped to dryness and the white 
residual solid was stirred in cold (0° C.) 0.5N hydrochloric 
acid (60 ml.) for 3.5 hours. The solid was removed by 
?ltration and the ?ltrate was made basic with 1N sodium 
hydroxide to pH l1-12 and extracted with methylene chlo 
ride (3X) and ethyl acetate. The pooled organic extracts were 
dried (sodium sulfate), ?ltered and stripped to yield a near 
colorless oil (approx. 600 mg). The oil was treated with 
water (10 ml.) and 1.0N hydrochloric acid (3.0 ml.), swirled 
until no more oil was present and the mixture was lyo 
philized to give 674 mg. of product as a light yellow solid; 
Rf=O.64 major spot (n-butanolzwaterzacetic acidzethyl 
acetate, 1:1:111). 

i) [3R-[30t,6ot(S*),9al3l]-Octahydro-6-[[2~(acetylthio)-1 
oxo-3-phenylpropyl]amino]-5-oxothiazolo[3,2~a]azepine-3 
carboxylic acid, methyl ester 
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The methyl ester, hydrochloride salt product from part (e) 

(374 mg., 1.33 mmol.) was partitioned between saturated 
sodium bicarbonate and methylene chloride. The methylene 
chloride extract was dried (sodium sulfate), ?ltered and 
stripped to give the free amine as a pale yellow oil (302 mg., 
1.16 mmol.). Additionally, (S)-2-(acetylthio)benzenepro 
panoic acid, dicyclohexylarnine salt (648 mg., 1.60 mmol) 
was partitioned between ethyl acetate and 5% potassium 
bisulfate. The ethyl acetate layer was washed with water and 
brine, then dried (sodium sulfate), ?ltered and stripped to 
give the free acid as a colorless oil. A mixture of the free 
amine and the free acid in methylene chloride (9 ml.) was 
treated with hydroxybenztriazole hydrate (550 mg., 4.07 
mmol.), cooled to 0° C., and subsequently treated with 
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (313 mg, 
1.63 mmol.). The mixture was stirred at 0° C. for 1 hour, 
then at room temperature for 3 hours. Additional l-ethyl-3 
(3-dimethylarninopropyl)carbodiimide (100 mg) was added 
and stirring continued overnight. The solution was diluted 
with ethyl acetate and washed successively with water, 5% 
potassium bisulfate, water, 50% saturated sodium bicarbon 
ate, and brine, then dried (sodium sulfate), ?ltered and 
stripped. The resulting yellow oil was ?ashed chromato~ 
graphed (Merck silica gel, 30% acetone in hexane) to give 
396 mg. of product as a 87:13 mixture of side chain 
diastereomers. This mixture was again ?ash chromato 
graphed (Merck silica gel, 35-40% ethyl acetate in hexane) 
to afford 318 mg., of product as a white foam (94-95% 
diastereomerically pure); Rf=0.29 major and 0.26 minor, 
[6ot(R*) isomer]; [ot]D:84.4° (0:036, chloroform). 

A solution of the methyl ester product from part (i) (308 
mg., 0.68 mmol.) in methanol (4 ml., deoxygenated via 
argon bubbling) was treated with 1N sodium hydroxide (3.5 
ml., deoxygenated via argon bubbling) and the homoge 
neous mixture was stirred under argon for 2 hours. The 
mixture was acidi?ed with 10% potassium bisulfate (15 
ml.), diluted with water, and extracted with ethyl acetate. 
The ethyl acetate extract was washed with brine, dried 
(sodium sulfate), ?ltered, and stripped to give a solid. The 
solid was dissolved in dimethylformamide (1 ml.), diluted 
with ethyl acetate, and ?ash chromatographed (Merck silica 
gel, 5% acetic acid in ethyl acetate) to give the desired 
product as a white solid which was triturated with ethyl 
acetate/ethyl ether, collected by ?ltration, and dried to give 
144 mg., of product; m.p. 217°-220° C.; Rf=0.52 (5% acetic 
acid in ethyl acetate); [0t]D=—64.3° (F036, dimethylforma 
mide). NMR analysis indicated the product was 93% dias 
teromerically pure with 7% of the corresponding 6ot(R*) 
isomer. 
HPLC1YMC S3ODS column (6.0X150 mm); eluted with 

44% A: 90% water-10% methanol-0.2% phosporic acid and 
56% B: 10% water-90% methanol-0.2% phosporic acid; 
?ow rate 1.5 ml/min detecting at 220 nm; tR=l2.27 min 
indicates a purity of >95% (no separation of 6ot(S*) and 
6ot(R*) isomers detected by HPLC) 

Anal. calc’d. C18H22N2O4S204H2O: C,53.82; H,5.72; 
N,6.97; S,15.96; SH,8.21 Found: C,53.88; H,5.67; N,6.78; 
S,15.37; SH,4.91. 

EXAMPLE l2 
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a) [3R-[30t,6ot(S*),90t[5]]-Oxahydro-6-[[2-[(acetylthio) 
methyl]-l-oxo-3-phenylpropyl]amino]-5-oxothiazolo[3,2 
a]azepine-3~carboxylic acid, ethyl ester 

(S)-2-[(Acetylthio)methyl]benzenepropanoic acid, ephe 
drine salt (481 mg., 1.20 mmol.) was partitioned between 
ethyl acetate and water containing 2.0 rrrl. 1N hydrochloric 
acid. The ethyl acetate layer was washed with water and 
brine, then dried (sodium sulfate), ?ltered, and stripped to 
give the free acid as a colorless oil. This free acid was 
dissolved in methylene chloride (7 n11) and treated with 
[3R-(3ot,_6ot,9al3)]-6-amino-octahydro-5-oxothiazolo [3,2-a] 
azepine-3~carboxylic acid, ethyl ester, hydrochloride salt 
(293 mg., 1.04 mmol.) followed in succession by 4-methyl 
morpholine (154 pl., 142 mg, 1.4 mmol), dimethylforma 
rnide (2.5 ml.), l-hydroxybenztriazole hydrate (147 mg, 
1.08 mmol), and 1-ethyl-3-(3-dimethylaminopropyl)carbo 
diirnide (226 mg, 1.18 mmol). After stirring at room tem 
perature for 2 hours, the mixture was diluted with ethyl 
acetate and washed successively with water, 0.5N hydro 
chloric acid, water, 50% saturated sodium bicarbonate, and 
brine, then dried (sodium sulfate), ?ltered, and stripped. The 
residue was ?ash chromatographed (Merck silica gel, 30% 
acetone in hexanes) to give 357 mg. of product as a white 
foam. Rf=0.44 (acetone1hexanes, 1:1); [ot]D=—77.2° (c=0.50, 
chloroform). NMR analysis indicated the product was 
homogeneous. 

"azepine-3-carboxylic acid 
The ethyl ester product from part (a) (343 mg., 0.74 

mmol.) in methanol (2 ml., deoxygenated via argon bub 
bling) was treated with 1N sodium hydroxide (3.5 ml., 
deoxygenated via argon bubbling) and the resulting mixture 
was stirred under argon for 1.5 hours. The solution was 
acidi?ed with 5% potassium bisulfate (20 ml.), diluted with 
water and extracted with ethyl acetate. The ethyl acetate 
extract was washed with water and brine, then dried (sodium 
sulfate), ?ltered and stripped to afford a white solid. The 
solid was dissolved in hot methanol/ethyl acetate, ?ltered 
again, and concentrated to precipitate the desired product. 
The solid was collected by ?ltration, washed with ethyl 
acetate and ethyl ether, anddried in vacuo at 50° C. for 2 
hours to give 221 mg. of product as a white solid. An 
additional 20 mg. of product was obtained from the mother 
liquor; m.p. 212°—213° C.; R/=0.55 (5% acetic acid in ethyl 
acetate); [ot]D=—36.5° (0:036, dimethylformarnide). HPLC: 
YMC S3ODS column (6.0X150 mm); eluted with 44% A: 
90% water-10% methanol-0.2% phosphoric acid and 56% 
B: 10% water-90% methanol-0.2% phosphoric acid ?ow 
rate at 1.5 rnl./min detecting at 220 nm; tR:15.96 indicates 
a purity of 99.2%. 

Anal. calc’d. for C19H24N2O4S2: C,55.86; H,5.92; 
N,6.86; S,15.70; SH,8.09 Found: C,55.99; H,6.01; N,6.75; 
S,l5.70; SH,7.81. 

EXAMPLE 13 

[S-(R*,R*)-3,4-Dihydro-3—[[2-(mercaptomethyl)-1-oxo-3 
phenylpropyl]amino]-4-oxo—1,5~benzoxazepine-5 (2H) -ace 
tic acid 

a) N~[(l,1 -Dimethylethoxy)carbonyl]~O-(2-nitrophenyl 
L-serine 
A solution of N-[(l,1-dimethylethoxy)carbonyl]-L-serine 

(24.3 g., 0.118 mole) in dry dimethylformarnide (25 ml.) 
was added dropwise over a period of 1.0 hour to a cooled 
(0°, ice-salt bath) suspension of 60% sodium hydride (10.1 
g., 0.25 mole) in dry dimethylformarnide (200 ml.) and 
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stirring was continued at 0° until the frothing subsided 
(about 2.0 hours). The reaction mixture was treated drop 
wise with 1-?uoro-2-nitrobenzene (14.3 ml., 0.13 mole) 
over a period of 20 minutes, stirred at 0° under argon for 4.0 
hours then poured into ice-water (750 ml.) and extracted 
with ethyl acetate (2x100 ml.). The aqueous phase was 
brought to pH 1.0 with 6N hydrochloric acid (70 ml.), 
extracted with ethyl acetate (3x500 ml.) and the combined 
organic extracts were washed with brine (100 ml.), dried 
(anhydrous sodium sulfate), ?ltered, evaporated to dryness 
and dried in vacuo. The crude product mixture was chro 
matographed on a silica gel column (Merck), eluting the 
colurrm with methylene chloride:methanol:acetic acid 
(100:5:02) to give 27.22 g. of product as a thick yellow 
syrup; R/=0.27 (methylene chloride:methanol:acetic acid, 
100:5:0.5). 

b) N-[(1,1-Dimethylethoxy)carbonyl]-O-(2-aminophe 
nyl)-L-serine 
A solution of the product from part (a) (27.1 g., 83 

mmoles) in dry methanol (500 ml.) was treated with 10% 
palladium on carbon catalyst (900 mg.) and hydrogenated at 
40 psi for 2.0 hours. The reaction mixture was ?ltered 
through a celite pad in a millipore unit, washing the pad well 
with methanol (5x100 ml.). The dark ?ltrate was evaporated 
to dryness and dried in vacuo to give a dark solid. The crude 
product was triturated with methylene chloridezhexane (l :4) 
to give 17.69 g. of product as a light tan solid; Rf-0l5 
(methylene chloride:methanol:acetic acid, 20:1:1). 

c) (S)-3-[[(Dimethylethoxy)carbonyl]amino]~2,3-dihy 
dro- l ,5,-benzoxazepin-4(5H)-one 
A solution of the product from part (b) (16.69 g., 56.3 

mmoles) in dry dimethylformarnide (121 ml.) was treated 
with l-ethyl-3-(3~dimethylaminopropyl)carbodiimide 
(10.64 g., 55.5 mmoles) and stirred at room temperature for 
3.0 hours. The reaction mixture was partitioned between 
ethyl acetate (2x492 ml.) and 1.0N sodium bicarbonate (492 
ml.), and the combined organic extracts were washed with 
water (3x492 ml.), brine (492 ml.), dried (anhydrous mag 
nesium sulfate), ?ltered, evaporated to dryness and dried in 
vacuo. The crude product was chromatographed on a silica 
gel column (Merck), eluting the column with ethyl acetate 
:hexane mixtures (1:4; 1:2; 1:1) to give 10.5 g. of product as 
off-white crystals; R/=0.40 (ethyl acetatezhexane, 1:4). 

(1) (S)—3-[[(Dimethylethoxy)carbonyl]-amino]~3,4-dihy 
dro-4-oxo-1,5- benzoxazepine-5(2H)-acetic acid, ethyl 
ester. 

A solution of the product from part (c) (1.0 g., 3.59 
mmoles) in dry tetrahydrofuran (10 ml.) was cooled down to 
0° (ice~salt bath) under argon, treated with powdered potas 
sium hydroxide (259 mg., 4.6 mmoles) and tetrabutylarn 
monium bromide (172 mg., 0.53 mmole), stirred for 5 
minutes then treated with ethyl 2-bromoacetate (0.50 ml., 
1.2 eq.). The reaction mixture was stirred at room tempera 
ture under argon for 19.0 hours, partitioned between meth 
ylene chloride (2X25 ml.) and water (13 ml.) and the 
combined organic extracts were washed with water (2X13 
ml.), brine (10 ml.), dried (anhydrous sodium sulfate), 
?ltered, evaporated to dryness and dried in vacuo. The crude 
product mixture was chromatographed on a silica gel 
(Merck), eluting the column with ethyl acetate1hexane mix 
tures (1:9; 1:4) to give 860 mg. as a syrup; R/=0.67 (ethyl 
acetate:hexanes, 1:1). 

e) (S) -3-Amino-3,4-dihydro-4-oxo-1,S-benzoxazepine 
5(2H )-acetic acid, ethyl ester, hydrochloride salt 
A solution of the product from part ((1) (4.0 g., 11 mmoles) 

in dry dioxane (85 ml.) was treated with 4.0M hydrochloric 
acid/dioxane (33.6 ml., 0.134 mole or 12.2 eq.) and stirred 






























































































